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Summary
The main aim o f  the study o f  the molecular genetics o f  development in  
Asperg iH us n idu lans is  to  understand how master genes o rches tra te  the 
expression o f  large numbers o f  genes which determine development. b r lA  
has been shown to  be one master gene in  the development o f  the head o f  
the conidiophore (asexual reproductive  apparatus) (C lu tte rbuck  1969; 
1977; Boylan e t a l . ,  1987; Adams e t a l . ,  1988).
A number o f  genes a f fe c t in g  conid iophore morphology and pigmentation 
have been cloned and shown to  be regulated by brlA  (0 Hara e t  a l , 
1988, B irse  and C lu tte rbuck, 1991). In  t h i s  th e s is  the c lon ing  o f  a 
gene, ygA (ye llow -g reen), which a f fe c ts  co n id ia l  p igmentation, is  
described.
However, p r i o r  to  t h i s ,  w ith  the  aim o f  im p ro v in g  th e  s ta n d a rd  
A .n idu lans gene c lon ing  methods, a plasmid, ARp1, was charac ter ised . 
Th is  p lasm id , which t ra n s fo rm s  A sp e rg i  11 us w i th  a v e ry  h igh  
frequency, was p rev io u s ly  iso la te d  in  t h i s  lab by I . L .  Johnstone. By a 
combination o f  genetic and Southern a na lys is  i t  was shown th a t  t h i s  
plasmid re p l ic a te s  autonomously, not o n ly  in  A .n idu la ns , but a lso  in 
A.oryzae and A .n ig e r .
I t  was then found th a t  ARp1 recombines a t  h ig h  f re q u e n c y  w i t h  
co tra n s fo rm in g  in te g r a t i v e  (A lp )  p la s m id s .  T h is  in c re a s e s  th e  
trans fo rm ation  frequency o f  Alp plasmids by two orders o f  magnitude as 
they become pa rt o f  autonomously re p l ic a t in g  plasmid co in teg ra te s . A 
"he lper"  plasmid, pHELP3, was constructed , con s is t ing  o f  a sequence 
co n fe rr ing  autonomous re p l ic a t io n  in  A s p e rg i l lu s  inserted  in to  pl)C8. 
The gene adD was then cloned by co transform ation  o f  pHELP3 w ith  a gene 
bank constructed in the Alp vector pILJ16, o f  an adD3 s t ra in .
The adD gene was used to  probe an A .n idu lans gene l ib r a r y  in  the 
lambda replacement v e c to r  EMBL3, c o n s t r u c te d  by G are th  G r i f f i t h .  
Homologous lambda clones were iso la te d  which contained the gene ygA, 
which maps 0.1 map u n its  from adD. A t h i r d  gene in  t h i s  c lu s te r ,  adC, 
was a lso cloned.
I t  was a lso found th a t  co transform ation between another he lper
( x i i i )
plasmid, pHELPI, and non-homo!ogous l in e a r  DNA occurred a t high 
frequency. On the basis o f  t h i s ,  sonicated A .n idu lans DNA and pHELPI 
were used in  co transform ations to  clone the gene t rp B . The technique 
was dubbed the " in s ta n t  gene bank" method.
F in a l ly  a fa m ily  o f  enhancer mutations o f  the developmental mutation 
medusa (medA~) were is o la te d .  Designated sthenyo, (Medusa’ s s is te r ;  
R iley , 1851), a number o f  a l le le s  were mapped to  two lo c i ,  sthA and 
sthB. These mutations have no de tectab le  phenotypes in  the absence o f  
medA~ a l le le .  I t  was shown th a t  sthA1 in  combination w ith  another 
mutation w ithou t a phenotype -  the temperature s e n s i t iv e  morphological 
mutation br]A42 grown a t  the permissive temperature -  shows severe 
abnorm a lit ies  in  conid iophore morphology. I t  i s  proposed th a t  the 
small number o f  co n id iop h o re  s p e c i f i c  m u ta t io n s  ( M a r t i n e l l i  and 
C lu tte rbuck , 1971) r e la t iv e  to  the number o f  d i f f e r e n t  conidiophore 
s p e c i f ic  po ly (A )+mRNAs (Timberlake 1980) may be due p a r t ly  to  the 
existence o f  fa m i l ie s  o f  polygenes, o r  p a r t i a l l y  redundant genes, 
exem plif ied  by s thA , sthB and medA.
( x i v )
CHAPTER 1
In tro d u c t io n
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Figure 1.1: The l i f e  cyc le  o f  A sp e rg i l lu s  n idu lans . (Courtesy o f  M.A. 
M a rsha ll) .
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Introduction
Apart from i t s  use as the sub jec t o f  genetic  s tud ies  the Euascomycete 
fi lam entous fungus Asperg i1lus n idu lans is  o f  l i t t l e  importance. I t  is  
not a serious pathogen o f  man o r a g r ic u l tu re ;  i t  is  o f  l i t t l e  use 
i n d u s t r i a l l y  o r  com m erc ia l ly ;  n o r does i t  possess any unusua l 
fea tu res  o f  b io lo g ic a l  in te re s t .  On the o the r hand, many fea tu res  o f 
A .n idu lans make i t  a convenient organism f o r  genetic  and molecular 
g e n e t ic  s tu d ie s :  i t  has a s h o r t  l i f e - c y c l e  ( F i g . 1 ) ,  r e p l i c a t e s  
se xua lly  and asexua lly , and is  hap lo id , but may be propagated as a 
d ip lo id  (Pontecorvo e t  a l ,  1953); i t  can be used fo r  gene m anipulation 
s tud ies  invo lv in g  e.g. trans fo rm ation  (Ballance e t a l ,  1983; T i lb u rn  
e t  a l , 1984), gene c lon ing  (Johnstone e t  a l ,  1985), and ta rge ted  gene 
d is r u p t io n  o r  replacement ( M i l l e r  e t  a l , 1985a); i t s  genome is  
r e la t i v e ly  small (31 mb) w ith  8 chromosomes ranging in  s ize  from 2.9 
to  5 .0  mb, which can be separated by p u ls e  f i e l d  e le c t r o p h o r e s i s  
(Brody and Carbon, 1989).
As a m u l t ic e l lu la r  lower eukaryote which undergoes r e la t i v e ly  
simple developmental and morphogenetic processes i t s  very o rd ina r iness  
make i t  an appropria te  organism fo r  the study o f  the un ive rsa l in  the 
p a r t ic u la r .  In o ther words, A .n idulans can be used as a model organism 
to  in ve s t ig a te  fundamental questions o f  b io logy , p a r t i c u la r ly  those 
concerning the genetic determ ination o f  development.
The work described in t h is  th e s is  was devised to  c o n tr ib u te  to  the 
answering, in the long term, o f  some o f  the fo l lo w in g  questions:
a) How is  a complex succession o f  s p a t ia l l y  and tem pora lly  regulated 
changes o f  gene expression determined?
b) How do the genes involved in  development encode m orpho log ica lly  
complex, m u t ic e l lu la r ,  th ree  dimensional s truc tu res?  What kinds o f  
s t r u c t u r a l  com ponents  o f  th e  c e l l  g iv e  r i s e  t o  p a r t i c u l a r  
morphological features?
c) How are gene regu la to ry , and morphogenetic changes coordinated so 
t h a t  a p p r o p r ia t e  genes a re  a c t i v a t e d  and d e a c t i v a t e d  in  th e  
appropria te  morphological s truc tu res?  ( c . f .  S tra g ie r  e t  a l , 1988).
These in ve s t ig a t io ns  were d irec ted  s p e c i f i c a l ly  to  the development 
o f  the organ o f  asexual reproduction o f  A .n idu lans : the con id iophore. 
In  recent years conidiogenesis has been the focus o f  in te n s ive  genetic  
(C lu tte rbuck , 1969; 1990a; 1990c) and molecular genetic  (T imberlake, 
1980; Timberlake and Barnard, 1981; Boylan e t al , 1987; Adams e t a l ,
2
A 6
Figure .1.2: A. mature w i ld - ty p e  A sp e rg i l lu s  conid iophore. C, conidium 
; F, fo o t  c e l l ;  M, metula; P , ... ph ia l ide; S, s ta lk ;  V, v e s ic le .
B, diagrammatic c ro ss-sec t ion  o f  metula, p h ia l id e  and con id ia . (Based 
on Timberlake, 1990). C1-C4, spore wall laye rs ; cw, c e l l  w a l l ;  mt, 
m icro tubu les; mi, m itochondrion; n, nucleus; re r ,  rough endoplasmic 
re t icu lum ; v, vacuole; ve, ve s ic le ;  w, Woronin body.
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1988; M ira b i to  e t  al , 1989; Marshall and Timberlake, 1990) an a lys is .
In a d d i t io n ,  t h i s  th e s is  deals w ith  the p ro pe rt ie s  o f  plasmids which 
re p l ic a te  autonomously in  Aspergi H u s , and the events form ing the 
basis o f  co transform ation.
DEVELOPMENTAL GENETICS
1.1.1 Conidiophore development in  A .n id u la n s .
Conidophore development has been s tu d ie d  by l i g h t  m ic ro sco p y  
(C lu tte rbu ck , 1969), transm ission e le c t ro n  microscopy (TEM), using 
chemical f i x a t io n  (O l iv e r ,  1972) and freeze s u b s t i tu t io n ,  as w ell as 
scanning e lec tron  microscopy (SEM) (Mims e t  a l , 1988; Sewall e t  a l , 
1990a; 1990b).
Conidiogenesis begins 20 hours a f t e r  germination a t 37°C w ith  the 
form ation o f  a hyphal compartment w ith  a th ickened w a l l ,  o r  fo o t  c e l l  
(F ig  1.1 A ) . From the fo o t  c e l l  a t h ic k  w alled, a e r ia l  hypha, o r 
co n id io p h o re  s ta lk  develops. How th e  o r i e n t a t i o n  o f  th e  s t a l k  i s  
determined is  not c le a r ,  but geotropism is  not invo lved. The t i p  
grows by means o f  the fus ion  w ith  the plasma membrane a t  the apex o f  
large numbers o f  ap ica l ves ic les  con ta in ing  c e l l  wall components and 
polymeris ing enzymes, which are produced by Golgi bodies fo l lo w in g  the 
growing t i p .  Nuclei remain fu r th e r  back down the s ta lk .  In v a r ia b ly ,  a t 
a length o f  approximately 100uM ap ica l growth ceases and the apex 
sw ells  to  form the ve s ic le  (10uM d iam eter); t h is  accumulates grey- 
brown conidiophore melanin in the c e l l  w a l l .
Now the number o f  ap ica l ves ic les  de c lin es , although a few are seen 
round the ve s ic le  periphery, vacuoles become prominent, and nuc le i 
move up from the s ta lk  in to  the v e s ic le .  At t h i s  p o in t  unknown 
determinants give r is e  to  a complex pa tte rn  formation event: ap ica l 
v e s ic le s  form in to  a re g u la r  c lu s t e r e d  a r r a y  under th e  plasma 
membrane, and up to  60 evenly spaced buds emerge s imultaneously. These 
develop in to  support c e l ls  o r  metulae (aka primary s te r igm a ta ) , and 
in to  these migrate m itochondria, RER, and o the r o rgane lles . 60-odd 
nuc le i are then posit ioned one d i r e c t l y  subtending each metula, and 
then d iv id e  simultaneously, along w ith  a l l  the o ther nuc le i in  the 
v e s ic le  and s ta lk .  One daughter n u c le u s  th e n  e n te rs  each m e tu la  
i n i t i a l ,  a f t e r  which a c e n t r ip e ta l  1y d e v e lo p in g  septum fo rm s ,  
separating ve s ic le  and metula, except f o r  a cen tra l pore; a t  each 
s ide  o f  t h i s  pore are seen dark s t a i n in g  s p h e r ic a l  o r g a n e l le s  o f
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uncerta in  fu n c t io n , the Woronin bodies (F ig . 1.2B).
Next, sporogenous p h ia l id e  c e l l s  (aka secondary s te rigm ata) form from 
th e  t i p s  o f  the  m etu lae, and s i m i l a r  p ro ce ss  o f  d i r e c t e d  n u c le a r  
d iv is io n ,  septum formation and the appearance o f  the Woronin bodies, 
occu rs . P h ia l id e  c e l l s  have a d i s t i n c t i v e  m orph o log y : b o t t l e - ( o r  
p h ia l - )  shaped w ith  a d is t a l ,  elongated neck region (F ig  1 .2 ). A f te r  
se p ta t io n , a second p h ia l id e  o ften  forms from the side o f  the metula, 
ju s t  under the f i r s t  one (F ig . 1.2B). Metulae and p h ia l ides are both 
5-7uM in  length. Meanwhile, a large vacuole develops in  the v e s ic le ,  
occupying the bulk o f  i t s  volume.
The conidium i n i t i a l  then forms as a p ro tru s io n  from the end o f  the 
p h ia l id e  neck. The s in g le  p h ia l id e  n u c le u s  e n te rs  th e  c e l l  neck, 
d iv id e s ,  and the  d i s t a l  daughter n u c le u s  e n te rs  th e  c o n id iu m . A 
septum forms by rad ia l invag ina t ion  o f  the plasma membrane and wall 
depos it ion .
The co n id ia l wall comprises fo u r  laye rs , C1-C4 (F ig . 1.1B). The 
ou te r two layers are formed by the p h ia l id e ,  and the inner two layers 
by the conidium i t s e l f .  The ou te r spore wall is  h ig h ly  hydrophobic, 
and conta ins a po lyphenolic , dark-green pigment. While the conidium 
enters dormancy, fu r th e r  con id ia  are generated by the p h ia l id e ,  u n t i l  
a long chain o f  con id ia  is  formed.
1.1.2 Genetic ana lys is  o f  conid iogenesis
Most o f  the genetic and molecular genetic  in v e s t ig a t io n  has focussed 
on development from ve s ic le  formation onwards. However, i t  is  known 
th a t  a t  20 hours a f te r  germination, the o ld e s t c e l ls  in  a colony 
a t t a in  developmental competence (A x e lro d  e t  a l , .1973). . M u ta t ions- ' 
re s u l t in g  in precocious competence have been id e n t i f ie d  (Axelrod e t  
a l ,  1973; Kurtz and Champe, 1979). Studies o f  mutants unable to  a t ta in  
competence defined three lo c i ,  acoA, acoB and acoC, which are a lso  
blocked in  sexual development (Butn ick e t  a l , 1984a; 1984b).
In  c e l l s  which are competent to  develop, c o n id ia t io n  w i l l  on ly  occur 
a t  an a i r  in te r fa c e  (C lu t te rb u c k ,  1 977 ), a l th o u g h  under c e r t a i n  
cond it ions  (e .g . C and N s ta rv a t io n )  a low leve l o f  c o n id ia t io n  w i l l  
occur in  v igo rous ly  shaken submerged c u l tu re  (Saxena and Sinha, 1973; 
M a r t in e l l i ,  1976). Also required fo r  induc t ion  o f  co n id ia t io n  is  red 
l i g h t  (Mooney and Yager, 1990); exposure to  fa r - re d  l i g h t  leads to  a
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p a r t ia l  reversa l o f  such in du c t io n , in d ic a t in g  th a t  a g ro w th -a f fe c t in g  
phytochrome-1 ike pigment may be present. However, most lab o ra to ry  
s t ra in s  conta in  mutations in  the  v e lv e t  (veA) gene (Kafer, 1965), 
rendering co n id ia t io n  l i g h t  independent. Many aco mutants are found 
to  be p a r t i a l l y  suppressed by th e  veA1 m u ta t io n  ( B u tn ic k  e t  a l ,  
1984b).
Timberlake has suggested a model f o r  the -contro l o f  competence and
induc t ion  o f  co n id ia t io n  by veA and the aco genes (F ig . 1 .3 ) .  Here the
aco genes encode enzymes ca ta lys in g  the conversion o f  a m e tabo li te , X,
which i s  i n h ib i t o r y  to  c o n id ia t io n ,  t o  Y, w h ich  i s  n o t .  In  aco”
m utants , X accumulates, i n h i b i t i n g  c o n id i a t i o n .  S in ce  veA1 i s  a 
p a r t ia l  suppressor o f  the aco phenotype, i t  is  suggested th a t  the 
fo rm ation o f the form o f  the veA gene product which does no t i n h i b i t  
co n id ia t io n  is  in h ib i te d  by X (F ig . 1 .3 ) .  Thus, in  veA1 s t ra in s  one 
form o f  repression o f  c o n id ia t io n  by X is  l i f t e d ,  which reduces the 
e f fe c t  o f  elevated concentra tions o f  X.
In  a screen fo r  mutants a ffe c ted  in  conid iophore development in  the 
stages a f te r  s ta lk  development, a number o f  classes o f  mutation were 
described (C lu tte rbuck , 1969; 1990c). 1) Those w ith  modified con id ia . 
2) 01igosporogenous: where conid iophore s tru c tu re  was a lte re d  w ithou t 
b lock ing  c o n id ia t io n . 3) A con id ia l.  4) With modified conid iophore 
pigmentation. J4ut~ations a f fe c t in g  both vegeta tive  and reproductive  
hyphae were ignored, as were many which simply resu lted  in  ra th e r  
s ic k - lo o k in g  conidiophores; on ly  those in which c le a r ly  d e f ina b le  
a l te ra t io n s  had occurred were stud ied fu r th e r .
Conid ia l m o d if ica t io n  mutants inc lude ones w ith  changes from t h e . 
w i ld - ty p e  dark green p igmentation, e .g . ye llow  (vA, yA), ve llow-green 
(ygA), white  (wA, wB), and fawn (fwA); and in co n id ia l w a ll s t ru c tu re ,  
e .g . wet-white (wetA) , and dark (drkA). Only one type o f  conid iophore 
co lou r mutant, i v o r y , was id e n t i f ie d ,  determined by 3 lo c i :  ivoA, ivoB 
and ygA. Conidial and conidiophore pigmentation is  described in  depth 
in  chapter 7 o f  t h i s  th e s is .
Phenotypes o f  oligosporogenous and acon id ia l mutants are shown in
er
Fig 1.4. 01 igosporogenous: medusa, (medA) produces supernumary layers  
o f  metulae at 37°C, but has an acon id ia l phenotype a t 30°C: t h i s  
l a t t e r  consis ts  o f  elongated metulae w ith  no ph ia l ides o r  co n id ia . The 
ex ten t o f  the morphological phenotype a lso va r ies  w ith  pH. medusa 
mutants are a lso  d e f i c ie n t  in  c o n id io p h o re  p ig m e n ta t io n  a t  bo th  
temperatures, stunted ( stuA) produces t i n y ,  th in  walled conid iophores.
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Figure 1.4: Morphological mutants o f  A .n id u la n s .
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In anucleate primary sterigmata CapsA, apsB) mutants, nuc le i f a i l  in  
most cases to  m igrate in to  the metula i n i t i a l s .  Occasiona lly  a nucleus 
w i l l  e n te r  a m etu la  by a c c id e n t ,  r e s u l t i n g  in  deve lopm en t o f  
apparently  normal metula, p h ia l id e  and con id ia  (F ig  1 .4 ) .  D is t r ib u t io n  
o f  nuc le i i s  a lso abnormal in  vege ta tive  hyphae. A c o n id ia l:  b r i s t l e  
( b r lA ) f a i l s  to  produce a v e s ic le ,  instead developing an elongated 
s ta lk ,  and abacus ( abaA) produces supernumary layers o f  what appear to  
be immature ph ia l ides.
S tu d ie s  o f  d o u b le  c o n i d i a t i o n  m u ta n ts  showed th e  e p i s t a t i c  
re la t io n s h ip  b r lA >abaA>wetA ( M a r t in e l l i ,  1979). Complex in te ra c t io n s  
were genera l ly  seen between the oligosporogenous m utations. However, 
stuA, apsA and apsB were found to  be e p is ta t ic  to  medA, although the 
rnedA"  de f ic ie ncy  in  conidiophore pigmentation was ev iden t in  a l l  th ree  
cases.
1.1.3 Molecular genetic  ana lys is  o f  con id iogenesis
The genes b r lA , abaA. wetA, fwA, yA, ivoB, wA, stuA, yeA, and ivoA 
have been cloned (Johnstone e t a l ,  1985; Boylan e t  a l , 1987; Turner e t  
a l ,  1985; O’ Hara and Timberlake, 1989; B irse and C lu tte rbuck , 1991; 
Mayorga and Timberlake, 1990; M i l le r ,  pers. comm.; Yager and Mooney, 
pers . comm.; G r i f f i t h  and C lu t te rb u c k ,  p e rs .  comm.), by means o f  
t r a n s f o r m a t i o n  o f  A .n id u la n s -  m u ta n t  s t r a i n s  t o  w i l d  t y p e  by 
complementation o f  mutations w ith  A .n idulans DNA l ib r a r ie s .  These were 
constructed in plasmid (Johnstone e t a l ,  1985; Ballance and Turner, 
1986) o r cosmid (Yelton e t  a l ,  1985) vec to rs . A much la rg e r  number o f  
o t h e r  A s p e r g i11 us genes were c lo n e d  as cDNAs p re p a re d  f ro m  
p o l y ( A ) +RNAs e x t r a c t e d  f ro m  d e v e lo p in g  c u l t u r e s ,  f ro m  w h ic h  
t r a n s c r ip t s  produced by v e g e ta t iv e  hyphae had been removed by 
su b tra c t ive  h y b r id is a t io n  (Zimmermann e t a l ,  1980).
A 38-kb sequence o f  A .n id u la n s  DNA, SpoC1, c o d in g  f o r  19-20 
t ra n s c r ip ts ,  a t lea s t 14 o f  which were developmentally regulated and 
spore s p e c i f i c ,  was i d e n t i f i e d  u s in g  th e se  cDNAs (T im b e r la k e  and 
Barnard, 1981; Gwynne e t  a l , 1984). These t r a n s c r ip ts  comprise >2% o f  
the mass o f the co n id ia l  p o ly (A )+RNA and represent 7% o f  the genes 
expressed s p e c i f ic a l ly  in  the spore. In te re s t in g ly ,  d e le t io n  o f  the 
e n t i re  c lu s te r  does not re s u l t  in  any de tectab le  phenotype whatsoever 
(Aramayo e t a l ,  1989). This is  discussed in chapter 8 o f  t h i s  th e s is .
With DNA sequence a n a ly s is ,  and th e  r e s u l t s  o f  gene e x p re s s io n
Table 1.1: C on id ia t ion  mutants o f  A .n idu la ns .
Peak expression Gene fu n c t io n /
Gene Phenotype t im e (h rs )V  p u ta t iv e  p ro te in
A con id ia l
b rlA b r i s t l e  acon id ia l 15 Zn f in g e r  DNA b inding 
p ro te in
abaA abacus acon id ia l 18 leuc ine  z ipper DNA bind 
p ro te in
Conidiophore morphology
stuA stunted conidiophore <15 ?
medA medusa morphology ? ?
veA v e lv e t  morphology
Conid ia l
?
morphology
b iosyn thes is  o f  phyto­
chrome-like  pigment?
wetA wet-white 25 DNA b ind ing p ro te in ,
con id ia re g u la t in g  c e l l  cycle?
Conidiophore pigmentation
ivoA ivo ry  conidiophores 20 tryptophan hydroxylase?
ivoB •• 18 phenol oxidase
ISA " " ? Cu++ u p ta k e /d is t r ib u t io i
b rlA as above ‘ 15 as above
medA .. ?
p
C on id ia l pigmentation
wA w hite  con id ia 3° ?
wetA as above 25 as above
YA ye llow  con id ia 20.5 Conid ia l laccase I
ygA yellow-green con id ia ? as above
1Hours a f te r  germination a t 37°C; the time a t which peak expression 
le ve ls  are f i r s t  reached is  shown.
p
A f u l l  l i s t  o f  c o n id ia l  p ig m e n ta t io n  m u tan ts  i n c lu d in g  th ose  
uncharacterised is  shown in  Table 7.1.
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stud ies  o f  the b r lA , abaA, wetA, yA, wA, ivoA , ivoB and stuA genes, 
along w ith  va rious cDNAs corresponding to  developmental!y regulated 
t r a n s c r ip t s ,  a complex network o f  gene i n t e r a c t i o n s  has been 
e luc ida ted  (F ig . 1.3).
The p u ta t iv e  p ro te ins  BrlA , .AbaA and WetA: These a l l  bear s im i l a r i t i e s  
to  DNA b ind ing  p ro te ins . BrlA possesses a sequence m o t i f  s im i la r  to  
the  cys2- h i s 2 Z n ( I I )  c o o rd in a t io n  s i t e s  ( " Z i n c - f i n g e r s " )  f i r s t  
i d e n t i f i e d  in  Xenopus la e v is  t r a n s c r i p t i o n  f a c t o r  I I I A  ( T F I I I A )  
(Adams e t  a l ,  1988; M i l l e r  e t a l , 1985b). I f ,  in  e i th e r  Z n - f in g e r  o f  
b r lA , a cys te ine  is  changed to  a se r ine  (-SH to  -OH) by s i t e  d ire c ted  
mutagenesis, the re  is  a complete loss  o f  b r lA  a c t i v i t y ,  con firm ing  
th a t  the Zinc f in g e r  m o tifs  are e sse n t ia l  to  b r lA  fun c t io n  (Adams e t  
a l ,  1990).
The p u ta t iv e  AbaA p ro te in  c o n ta in s  a p o t e n t i a l  " le u c in e  z ip p e r "  
sequence (M ira b ito  e t a l , 1989), ye t lack  the "basic region" consensus 
sequence o ften  associated w ith  DNA b ind ing  p ro te ins  (Vinson e t a l ,
1989). The lea s t th a t can be said i s  th a t  the leucine z ipper a llows 
AbaA d im e r isa t io n . The pu ta t ive  WetA p ro te in  (Marshall and Timberlake,
1990) is  basic (+6) and the p u ta t ive  amino ac id  sequence shows 27% 
sequence id e n t i t y  w ith  the weel encoded po lypeptide o f  S.pombe, which 
regu la tes m ito s is  (Russel and Nurse, 1987). I t  a lso has a number o f  
p32cdc2 p h o sp h o ry la t io n  s i t e s .  However, u n l i k e  th e  weel encoded 
p ro te in  i t  lacks a consensus ATP b ind ing  s i t e  or a p ro te in  kinase 
c a ta ly t i c  domain. Descrip tions o f  c o n id ia t io n  mutants, and data on 
expression and pu ta t ive  products is  summarised in  Table 1.1.
Temporal re gu la t io n  o f  expression. Results o f  Northern analyses o f  RNA 
prepared from synchronised Asperg i11 us c u ltu re s  a t d i f fe r e n t  in te rv a ls  
a f te r  induc tion  o f  co n id ia t io n  mostly correspond to  known e p is ta t ic  
r e l a t i o n s h i p s :  in  b r l A "  s t r a i n s  a b a A , w e tA , i v o B , vA and wA 
t r a n s c r ip t s  do not accumulate; in  abaA"  s t r a i n s ,  wA and wetA 
t r a n s c r i p t s  do n o t a c c u m u la te ;  and in  w e tA "  s t r a i n s  o n ly  wA 
t r a n s c r ip t s  do not accumulate (B o y la n  e t  a l ,  1987; O’ Hara and 
T im b e r la k e ,  1989; B i r s e  and C l u t t e r b u c k ,  1990b; M ayorga and 
Timberlake, 1990). Only the stuA gene is  tran sc r ib e d  before b r lA , 
t r a n s c r ip ts  appearing a t the same time as the onset o f  developmental 
competence ( M i l le r ,  pers. comm.).
The question o f  which gene switches on which w a s-fu rth e r  e luc ida ted  
by the use o f  fusions o f  the A.niduTans alcA gene promoter (p) w ith
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the coding regions o f  the b r lA , abaA and wetA genes (Adams e t a l ,  
1988; M ira b i to  e t  a l , 1989; M a rsh a l l  and T im b e r la k e ,  1990). a lcA  
encodes ca ta b o lic  a lcoho l dehydrogenase. This gene is  repressed during 
growth on g lucose as a carbon so u rce , and s t r o n g ly  induced  when 
threonine is  a carbon source. Induc tion  o f  a JcA (p ) : :b r lA  in  submerged 
A sp e rg i l lu s  c u ltu re  caused the form ation o f  ve s ic le s ,  p h ia l id e s  and 
c o n id ia ,  and th e  abaA, wetA, yA and iv o &  genes were e xp resse d . 
Induction  o f  a lcA (p )::abaA  led to  cessation o f  vege ta tive  growth and 
vacuo la tion , but not fo rm ation  o f  co n id ia ; t h i s  was desp ite  the fa c t  
th a t  not only the wetA, but a lso  the b r lA  gene was a c t iva te d . I t  was
in fe r re d  th a t  the c o r re c t  order o f  gene expression is  essen t ia l f o r
morphogenesis ( M i ra b i to  e t  a l , 1989). In d u c t io n  o f  a lc A ( p ) : : wetA 
caused a reduction o f  vege ta t ive  growth, but d id  not a c t iv a te  b r lA  o r  
abaA. From a reduction in  wetA mRNA le ve ls  in  wetA-  s t ra in s  i t  was 
in fe r re d  th a t  the wetA gene is  p o s i t iv e ly  autoregu lated.
When the e f fe c ts  o f  the b r lA -  , abaA-  and wetA-  mutations, and 
expression o f  the th ree  a lcA(p) constructs  on the  expression o f  genes 
defined by the developmental cDNAs, i t  was found poss ib le  to  subdiv ide 
them in to  5 classes, A, B, C, D1, and D2, each w ith  a d is t in c t  pa tte rn  
o f  regu la tion  (F ig  1 .3 ) .  A, o r "e a r ly  genes", requ ire  b r lA+ and/or 
abaA+ > are not expressed in con id ia , and probably inc lude ivoA and 
ivoB. Class B, o r  "spore s p e c i f ic "  genes are switched on by wetA. 
Class C, o r p h ia l id e  genes, requ ire  b r lA , abaA and wetA expression, 
and accumulate in  the spores. Expression o f  c lass  D genes is  s l i g h t l y  
more complex: Class D1 genes are l i k e  c lass B genes, and c lass D2 l i k e  
c lass C genes. The on ly  d i f fe re n ce  is  th a t  both are a lso  switched on 
during normal development in  b r lA -  s t ra in s .  Thus, they are sub jec t to  
re g u la t io n  by a second re g u la to ry  sys tem . The n e tw o rk  o f  gene 
in te ra c t io n s  o u t l in e d  here is  summarised in F ig . 1.3.
As well as a c t iv a t in g  developmental genes, misscheduled expression
o f  b r lA  and abaA has been shown to  repress expression o f  a lcohol
dehydrogenase ( a lcA ) and aldehyde dehydrogenase ( a ldA) genes (Adams 
and Timberlake, 1990). A general reuduction in  le ve ls  o f  mRNA and 
p ro te in  synthesis is  a lso  observed which is  believed to  r e f le c t  a 
generalised metabolic shutdown caused by b r lA  expression.
When b r lA  and abaA upstream re g u la to r y  sequences were fu se d  t o  
E .c o l i  lacZ gene sequences expression in  A sp e rg i l lu s  led to  co lon ies  
where o n ly  the con id iop ho re s  s ta in e d  b lu e  w i t h  IP T G -X -g a l.  T h is  
demonstrates th a t  the br lA  and abaA genes are expressed on ly  in  the 
conidiophore (Aguirre  e t  a l ,  1990).
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TRANSFORMATION
1.2.1 Transformation o f  A sp e rg i l lu s  
Transformation s t ra te g ie s
A sp e rg i l lu s  species, l i k e  S .c e re v is ia e , are usu a l ly  transformed by 
incubation o f  p ro to p la s ts  (sphaeroplasts) w ith  DNA in  the presence o f 
C aC ^ ; p o lye th y le n e  g ly c o l  (PEG) i s  th e n  added, w h ich  r e s u l t s  in  
p ro to p la s t  fus ion  and e n try  o f  the DNA in to  the c e l ls .  The p ro top las ts  
are then suspended in  an osm o tica l ly  s ta b l is in g  medium which se lec ts
f o r  growth o n ly  o f  p ro to p la s ts  in  w h ich  th e  m arker gene on th e
transform ing  DNA is  expressed.
Recently several o the r DNA mediated trans fo rm a tion  s t ra te g ie s  have 
been used. S im ila r  trans fo rm ation  frequencies to  those found using 
PEG were obtained when p ro top las ts  from A .n ig e r  and A.awamori were 
e lec tropora ted  in  the presence o f  DNA (Ward e t  a l , 1989). N.crassa 
has re c e n t ly  been trans fo rm ed  by b la s t i n g  hyphae w i t h  DNA-coated 
tungsten m ic ro p a r t ic le s  f i r e d  from a p a r t i c le  gun (Armaleo e t a l ,
1990). This technique is  described as " b i o l i s t i c "  t rans fo rm a tion .
RNA mediated trans fo rm a tion , o r re tro tra n s fo rm a t io n , o f  A s p e rg i l lu s  
has a lso been reported (Zucchi e t a l ,  1989). This u t i l i s e s  a PEG
induced p ro to p la s t fus ion  p ro to co l,  and is  believed to  be mediated by 
r e v e rs e  t r a n s c r i p t a s e  a c t i v i t y  in  A s p e r g i 11 us (h e n ce  
" re t ro t ra n s fo rm a t io n " . )
In te g ra t iv e  trans fo rm ation  o f  A .n idulans
The f i r s t  DNA mediated trans fo rm ation  methods f o r  A .n idulans (Ballance 
e t  a l ,  1983; T i lb u rn  e t  a l ,  1984) were based on th o se  used f o r  
S .ce rev is iae  (Hinnen e t a l , 1978). The c e l l  w a l ls  o f  hyphae grown in 
l iq u id  c u ltu re  is  d igested away w ith  a complex m ixture o f  enzymes 
extrac ted  from Trichoderma harzianum (Peberdy, 1979), now marketed as 
NovoZym 234. Th is  in c lu d e s  a lp h a -1 , 3 -g lu c a n a s e , B - 1 ,3 - ,  B - 1 ,6 -
glucanase and c h it in a s e ,  as well as proteases, DNase and RNase; hyphal 
wall d iges t ion  re s u lts  in the release o f  p ro to p la s ts .  In the T i lb u rn  
e t  a l system, use o f  MgS04 as an o s m o t ic  s t a b i l i s e r  causes 
vacuola tion  o f  the p ro to p la s ts . The re s u l t in g  reduction in  d ens ity  
allows them to  be separated from m yce lia l debr is  by c e n t r i fu g a t io n .
F igu re  1 .5 . In te g r a t io n  and e x c is io n  o f  p la s m id  sequences by 
homologous recombination.
Black boxes represent homologous Asperg i11 us gene sequences ( a l le le s  
a and b ) ;  shaded boxes: E .c o l i  v e c to r  sequences. Homologous 
recombination between plasmid borne a l le le  a and chromosomal a l le le  b 
r e s u l t s  in  p lasm id in t e g r a t io n .  In  th e  r e s u l t i n g  d i r e c t  re p e a t ,  
in teg ra ted  E .c o l i  vec to r sequences are flanked by two copies o f  the 
gene. Homologous recombination between d u p l ica te  a l le le s  may re s u lt  
in  exc is ion  o f  a l l e le  a o r b. Excision o f  b c o n s t i tu te s  two-step gene 
replacement.
fa c in g  page 10
A f te r  s e r ia l  washing in  an iso-osm otic  s o rb i t o l  s o lu t io n  (1.2M) to  
remove the NovoZyme 234, and trans fo rm a tion , p ro to p la s ts  are embedded 
in  s o l id  o s m o t ic a l ly - s ta b i l is in g  s e le c t iv e  medium (1M sucrose), and 
l e f t  to  regenerate a t 37°C. This takes approximate ly 3 days.
The trans fo rm ation  frequency depends la rg e ly  on vec to r sequences, but 
a lso  to  an ex ten t on the se lec tab le  marker used, and the length o f  
the DNA in s e r t  ca rry in g  i t .  DNA mediated trans fo rm a tion  o f  f i lamentous 
fung i was f i r s t  achieved when N.crassa was transformed to  in o s i to l  
p ro to trophy  using uncut chromosomal DNA (Mishra and Tatum, 1973). 
More re ce n t ly  when the amdS (acetamidase) and pvr4 (o ro t id in e -5 ’ -  
phosphate decarboxy lase) genes were c lo n e d  in  th e  E . c o l i  PBR322 
plasmid, maximum trans fo rm ation  frequencies o f  25 and 10 transformants 
per ug DNA re sp e c t ive ly  were obtained (T i lb u rn  e t a l ,  1984; Ballance 
e t  a l ,  1983). In  a d e ta i le d  s tu d y  33 a rgB *  t r a n s fo rm a n ts  o f  
A .n idu lans w ith  a plasmid cons is t in g  o f  the argB gene in  the E .c o l i  
plasmid pUC19 were characterised (U psha ll, 1986). 17/33 transformants 
showed in te g ra t io n  o f  the argB plasmid a t  the argB locus. This was the 
re s u l t  o f  homologous recombination between host and trans fo rm ing  DNA 
sequences, and resu lted  in  the form ation o f  a tandem repeat f la n k in g  
the  b a c te r ia l  v e c to r  sequence ( F ig .  1 . 5 ) .  In  7 /33  cases gene 
c o n v e r s io n ,  o r  d o u b le  c r o s s o v e r  had o c c u r r e d ,  r e s u l t i n g  in  
regeneration o f  argB*  (F ig . 1 .5 ). The remaining 5/33 showed complex 
pa tte rns  o f  in te g ra t io n .
The use o f c e r ta in  b a c te r ia l  plasmid components g re a t ly  enhances the 
trans fo rm ation  frequency o f  Aspergi11 us s h u t t le  vecto rs . Johnstone 
(1985a) found th a t  t ra n s fe r r in g  the argB gene from the yeast s h u t t le  
vec to r pBB29 to  pUC8 ( to  form pILJ16) re su lted  in  an increase in 
t rans fo rm ation  frequency from 1-5 to  250-500 transformants per ug 
DNA. The pUC plasmids (V ie i ra  and Messing, 1982) may have a l im i te d  
a b i l i t y  to  re p l ic a te  autonomously in  A .n id u la n s . This is  suggested a) 
by the enhanced transform ation  frequency; b) by the fa c t  th a t  using 
uncut DNA prepared from an i n i t i a l  A s p e rg i l lu s  transform ant i t  is  
sometimes p o s s ib le  to  r e is o la te  th e  p la s m id  by t r a n s fo r m a t io n  o f  
E .co l i  (Johnstone, 1985a); and c ) ,  th a t  in  some i n i t i a l  transform ants 
w i th  such p lasm ids a degree o f  m i t o t i c  i n s t a b i l i t y  i s  observed  
(Upsha ll, 1986). Thus the enhancement o f  trans fo rm a tion  may occur due 
to  l im i te d  re p l ic a t io n  o f the trans fo rm ing  plasmid upon e n try  in to  
the host nucleus, which increases the p ro b a b i l i t y  o f  the occurrence o f
10
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Figure 1.6. Targeted gene d is ru p t io n  and replacement.
A: Targeted gene d is ru p t io n .  The black box represents gene A; the 
shaded box, E .c o l i  vec to r sequences. The numbers .1-6 represent the 
ex ten t o f  the  gene. The transform ing plasmid conta ins an in te rna l 
fragment o f  gene A. Homologous recombination as shown re su lts  in  
fo rm ation  o f  two incomplete, non-functiona l copies o f  gene A.
B: Targeted d e le t io n .  Black boxes, DNA sequence to  be de le ted; shaded 
boxes, as above; open box, s e le c ta b le  m arker gene A. Among A+ 
transform ants w i l l  be some which are the r e s u l t  o f  double homologous 
recombination events as shown, which re s u l t  in  replacement o f  DNA 
sequence 2-8 w ith  gene A ( a f te r  Aramayo e t a l ,  1989).
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stab le  in te g ra t io n .
In te g ra t iv e  transfo rm ation  has served a wide v a r ie ty  o f  purposes in  
molecular b io lo g ic a l  research.
Shotgun cloning of genes in Aspergillus
In te g ra t iv e  trans fo rm ation  can be used to -c lo n e  genes. Aspergi Hus 
DNA l i b r a r i e s  have been c o n s tru c te d  in  p la sm id  s h u t t l e  v e c to r s  
(Johnstone e t  a l , 1985; Ballance and Turner, 1986) and cosmids (Yelton 
e t  a l ,  1985). These were then used to  transform  mutant A sp e rg i l lu s  
s t r a in s  w ith  s e le c t io n  f o r  w i l d - t y p e  c o lo n ie s .  From th e s e  th e  
plasmid con ta in ing  the complementing DNA in s e r t  was re iso la te d  by 
p lasm id rescue in to  E . c o l i : o r ,  in  th e  case o f  cosm ids , i t  was 
packaged in to  a lambda bacteriophage, and tran s fec te d  in to  E . c o l i .
Gene manipu la tion  and the  study o f  gene fu n c t io n  and expression in  
A .n idu lans
As w ell as gene c lon ing , in te g ra t iv e  trans fo rm a tion  has been used to  
in troduce genes which have been a lte re d  in  v i t r o ,  such as the a lcA(p) 
and lacZ fus ion  constructs  described in  sec tion  1 .1 .3 . A lte red  gene 
sequences can be used to  replace re s id e n t,  w i ld - ty p e  copies by means 
o f  two-step gene replacement: a f te r  homologous in te g ra t io n  re s u lt in g  
in  tandem repeat fo rm a t io n ,  passage th ro u g h  th e  sexua l c y c le  
s t im u la te s  a second homologous re c o m b in a t io n  e ven t r e s u l t i n g  in  
plasmid exc is ion  Fig. 1.5A ( M i l l e r  e t  a l , 1985a). This may re s u l t  in  
loss o f  e i th e r  the transform ing , o r  the res iden t gene sequence. One 
s tep  gene replacement may a lso  o c c u r  as th e  r e s u l t  o f  a d o u b le  
crossover event (F ig . 1.5B).
Targeted gene d is ru p t io n  can be achieved by homologous in te g ra t io n  
o f  a DNA sequence c o n ta in in g  p a r t  o f  a gene ( F ig .  1. 6A ) . T a rg e te d  
d e le t io ns  can be ca rr ied  out by rep lac ing  the  centre o f  a large 
sequence w ith  a se lec tab le  marker, and is o la t io n  o f  transformants 
where one step gene replacement has occurred by recombination between 
the chromosome and each end o f  the de leted sequence (F ig .1 .6B , a f te r  
Aramayo e t  a l ,  1989.)
The boundaries o f  a gene on a cloned DNA fragment can be defined by 
fo rc in g  ectop ic  in te g ra t io n  o f  a given gene sequence, and then te s t in g  
f o r  w i l d - t y p e  l e v e l s  o f  e x p r e s s io n .  T h is  has been done by 
t ra n s fo rm in g  w ith  a v e c to r  c a r r y in g  p a r t  o f  a s e le c t a b le  m arker
X B
Figure 1.7. Forced in te g ra t io n  o f  gene B a t locus A.
Transformation w ith  a cloned DNA fragment (shaded box) complements a 
mutation in gene B. To ensure th a t  the e n t i r e  B gene is  present 
in te g ra t io n  is  forced a t locus A (b lack box). This is  achieved by 
using a plasmid conta in ing a pa rt o f  gene A, which corresponds to  the 
end o f  the gene conta in ing  the les ion . Thus trans fo rm ation  to  A+ may 
on ly  occur through regeneration o f  gene A+ by the recombination event 
shown.
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corresponding to  th a t  pa r t  o f  the res id e n t mutant a l l e le  con ta in ing  
the gene les ion  (F ig . 1 .7 ) .  In  t h is  case trans fo rm ation  can on ly  occur 
by homologous recombination between p a r t ia l  t rans fo rm ation  marker and 
re s id e n t  mutant a l l e l e  to  form a w i l d  ty p e  gene (Hamer and 
Timberlake, 1987; B irse  1989).
The a v a i l a b i l i t y  o f  so many ways to  manipulate genes using in te g ra t iv e  
trans fo rm ation  make A .n idu lans a v e r s a t i le  system fo r  the study o f  
gene fu n c t io n  and expression.
Autonomously rep lica tin g  plasmid vectors
Up u n t i l  r e c e n t l y  no p la s m id  v e c t o r s  w h ic h  a re  m a in ta in e d  
extrachromosomally by autonomous re p l ic a t io n  in  A sp e rg i l lu s  have been 
a va i la b le .  Five major advantages to  the use o f  such vectors are 1) 
increased frequency o f  trans fo rm a tion . 2) By v i r tu e  o f  1), f a c i l i t a t e d  
shotgun c lon ing , and 3) eas ie r plasmid rescue. 4) Easy d e f in i t io n  o f  
gene boundaries. 5) Increases in  gene copy number re s u l t in g  in  an 
o ve ra l l  increase o f  gene expression may be usefu l f o r  prepara tion  o f  
gene products (e .g . in  in d u s try ) .  Autonomously re p l ic a t in g  plasmids 
are discussed in d e ta i l  in  chapter 3 o f  t h i s  th e s is .
Cot ran sfo rmat ion
A ty p ic a l  transfo rm ation  o f  A sp e rg i l lu s  using 107 p ro to p las ts  and 3ug 
o f  the in te g ra t in g  plasmid pILJ16 y ie ld s  approximately 1,000 ARG+ 
tra n s fo rm a n ts  (Johnstone, 1985a). One in  104 p r o t o p la s t s  a re  
transformed. This suggests th a t  i f  t rans fo rm a tion  o f  a double mutant 
to  w i ld  type w ith  two genes on separate plasmid were ca rr ie d  ou t, the
AOfrequency o f  double transfo rm ation  would be one in ( K T ) *  = one in 
108 p r o t o p l a s t s .  From t h i s  i t  c o u ld  be p r e d i c t e d  t h a t  i f  
t r a n s f o r m a t i o n  by one p la s m id  w ere  s e le c t e d  f o r ,  0 . 01% o f  
transformants would a lso be transformed by the second plasmid. In 
a c tu a l experim ents, however, i t  i s  found  t h a t  up t o  95% o f  
transformants also conta in  the unselected gene (Wernars e t a l ,  1987).
When th is  phenomenon, known as co trans fo rm ation , was f i r s t  observed 
in  A sp e rg i l lu s  (K e l ly  and Hynes, 1985) i t  was argued th a t  i t  re f le c te d  
the existence o f  a subpopulation o f  1 in  104 p ro top la s ts  w ith  a very 
high degree o f competence. The res t were presumably not competent a t 
a l l .  This in te rp re ta t io n  was derived from th a t  o f  Hicks e t al (1978),
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who f i r s t  observed c o tra n s fo rm a t io n  in  S . c e r e v i s i a e , a ls o  u s in g  
in te g ra t iv e  plasmids, and a s im i la r  trans fo rm a tion  methodology using 
p ro to p la s ts  and PEG. Th is  in  t u r n  was based on th e  argument o f  
Kretschmer e t  a l (1975) who observed 50-85% c o t r a n s fo r m a t io n  in  
E . c o l i , using p a irs  o f  autonomously re p l ic a t in g  plasmids, and c e l ls  
made competent f o r  trans fo rm ation  by trea tm ent w ith  CaCl2 .
Chapter 4 o f  t h i s  th e s is  c o n ta in s  a d e t a i l e d  d is c u s s io n  o f  th e  
evidence fo r  t h i s  in te rp re ta t io n  o f  co trans fo rm ation .
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M a te r ia ls  and Methods
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2.1 L is t o f M aterials
M aterial Source
General chemicals and B.D.H., Hopkins & W ill iam s, Koch-Light
organic so lven ts . Labora to r ies , May and Baker.
Media. Davies, Oxoid.
Agar. Davies,' D ifco .
Biochemicals. Sigma.
A n t ib io t ic s .  Sigma.
Agarose. Sigma.
Radiochemicals. New England Nuclear.
ECL k i t .  Amersham.
Hybond-N Nylon Membrane. Amersham.
Random prim ing k i t .  Amersham.
Geneclean k i t .  Amersham.
Prepagene k i t .  Bio-Rad.
Frozen competent E .co l i
c e l ls .  Gibco BRL
A l l  enzymes were obtained from Gibco BRL except the fo l lo w in g :  
Lysozyme. Sigma.
NovoZym 234. Novo B io labs.
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2.2 B a c te ria l S tra in s
A l l  those used were d e r iv a t iv e s  o f  E. c o l i  K-1
Name Genotype
DH1 "F " , . re c A 1 ,  endA1, gyrA96,
t h i - 1 , hsdR17, ( r ” ,m+) ,  suoE44.
DH5 (As DH1)
DS941 recF143, proA7, Str31, t h r l ,
Jeu6 , tsx33, mtL1, h is4 . argE3. 
lacY1, ga!K2, ara14, lambda” , 
la c lq , lacZ M15, TacY± .
NM538 supF, hsdR.
NM539 supF, hsdR. (P2cox3).
SURE ( hsdRMS) . mcrA, mcrB, m rr , endA1,
supE44, t h i - 1 , - ,  gyrA96, re lA 1.
la c - ,  rebB, recJ, sbcC, umuC, uvrC, • 
[F ’ , proAB, lac lq z  M15, Tn10, ( t e t r ) l .
Source
Hanahan, 1983.
Hanahan, 1983.
H o r i i  and Clarke, 1973 
(Derived from JC9239).
F r ischauf e t a l ,  1983. 
F rischauf e t a l ,  1983. 
Stratagene catalogue
2.3 Plasmids and Bacteriophage
This l i s t  inc ludes those used whose con s tru c t ion  is  not described in  
t h i s  th e s is :
Selectable
Plasmid Description marker Reference
pUC8 , pUC18 Derived from amp1- 
PBR322
V ie i ra  and Messing, 1982,
pIC20-R Derived from 
pUC 18
ampR
RPACYC184 Derived from cam , 
P15-A c ry p t ic  t e t R 
miniplasmid
Chang and Cohen, 1978,
pBLUESCRIPT M13-based 
I I  KS+ sequencing
vector
amp Stratagene catalogue 
p p .104-105, 1988.
PILJ16 Alp argB Johnstone e t  a l , 1985.
pILJ16 
1ib ra ry
ARp1
Gene bank o f  
A .n idulans DNA argB
ARp argB
pILJ20, 23, Subclones o f  argB 
and 25 ARp1
Johnstone, 1985a. 
Johnstone, 1985a. 
Johnstone, 1985a.
pTA11 pIC20-R based trpC 
Alp
Mullaney e t  a l , 1985; 
Tom Adams, pers. comm.
pMS1 S ite -d ire c te d
Alp
argB Moira S tark , pers.comm.
PCEB218 Alp argB.
ivoB
B irse , 1989.
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Bacteriophage D escr ip t ion Reference
EMBL3 Lambda replacement vec to r  F r ischau f e t a l , 1983.
2.4 A sp e rg i l lu s  s t ra in s
The s t ra in s  o f  A .n idu lans  used in  t h i s  work were from Glasgow stocks 
(C lu tte rbuck , 1974), and from A.J. C lu t te rb u c k ’ s personal c o l le c t io n  
o r were constructed f o r  the work described in  t h i s  th e s is .  S tra ins  o f  
A.orvzae were provided by Dr. C.A. B a tt ,  and A .n ig e r  by Dr. F.P.Buxton 
o f  A l l e l i x  Inc.
S tra in  Genotype
A.n idulans
G089 fpaB37 r iboA l b iA1
G0112 vA2:pyroA4 :methB3
G12 fpaB37 adF17 pabaAl yA2
G34 vA2: methH2 argB2
G35 yA2:methH2 phenA2
G52 adG14 yA2; lysB5
G53 ygA; n icA2 pA3 facA303 riboD5: methB3
G115 riboAl adG14 luA1 yA2
G122 riboAl proA1 yA2 adE20: pyroA4
G135 luA1 yA2; adD3
G141 proA1 adF9 pabaAl b iA1
G151 adF33 pabaAl yA2: wA3
G175 adF9 pabaAl yA2
G1 95 suA1 adE20 yA2 ad_E20 ; a c r A 1 ; g a l  A1 ; py ro A 4 ; f  acA303 ;
sB3:nicB8: r iboB2 
G196 trpB403 pabaAl vA2
G197 suA1adE20 lvsF88 pabaAl yA2 adE20
G225 yA2 pvroA4: adC1
G523 proA1 pabaAl yA2; cvsA1
G712 yA2; palD8 n icB8 wetA6 ma1A1
AJC9.4 pabaAl : argB2 :b r!A 42 ivoB63
AJC9.41 argB2: uvsB314; r ibo  A/B
AJC9.45 bi_A1; argB2: uvsD153: fwA2:
AJC9.43 biA1 pabaAl : argB2: uvsC114
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(co n t.)
S train  Genotype
DHG001 yA2; a c rA 1 :ga1A1 argB2: p y ro A 4: fa c A 3 0 3 : sB 3 : n ic B 8 ; 
riboB2 niaD17
DHG019 yA2 pabaAl : trpC801: argB2: b r lA 42: methH2
DHG042 medA11ts  pabaAl : br1A42
DHG050 medA11ts  pabaAl yA2
DHG054 medA13 adF17 pabaAl
DHG056 medA17 adF17
DHG060 medA13 adF17 pabaAl : sthB1
DHG065 medA14 yA2 biA1: sth-65
DHG066 medA13 b iA 1 : s th -66
DHG067 medA13 b iA1: sth-67
DHG068 medA13 b iA1: s th -68
DHG069 medA13 b iA 1 : sth-69
DHG070 medA13 b iA1: sth-70
DHG072 medA17 ad£17 sthA1
DHG076 medA17 sthA1 yA2; argB2: methB3
DHG080 yA2: sthB1: methB3
DHG081 yA2 adF17; sthB1
DHG085 medA14 biA1: pyroA4: sthB1
DHG087 medA17 sthA1 adF17
DHG088 medA13 adF17: sthB1
DHG090 medA17 sthA1 b iA1: pyroA4
DHG124 ygA6 ; r iboE6 , th1A4; argB2 :methB3
DHG135 biA1 methH2 argB2: trpC801
DHG151 medA17 yA2 pabaAl sthA1
A.oryzae 
YTH-13 argB"
A .n ige r
350.25 argB52
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2.5 E .c o l i  C u ltu re  Media
LB-Broth: 10g tryp to n e , 5g yeast e x t ra c t ,  5g NaCl, 1g glucose, 20mg 
th iam ine, made up to  1. l i t r e  in  d i s t i l l e d  water and adjusted to  pH7.0 
w ith  NaOH. S o lid  L-agar: as LB-broth w ith  the a d d it io n  o f  12g N°.3 
Oxoid agar. For phage work a supplement o f  10mM MgS04 was added to  LB- 
Broth.
BBL Agar: 10g T ryp ticase  peptone (BBL11921), 5g NaCl, made up to  1 
l i t r e  in  d i s t i l l e d  water, adjusted to  pH7.2 w ith  NaOH and s o l i d i f i e d  
w ith  the add it ion  o f  10g Taiyo agar.
BBL Agarose O verlay : As f o r  BBL ag a r  w i t h  th e  a d d i t i o n  o f  2 .5g
MgS04.6H20 before s o l i d i f i c a t io n  w ith  6.5g Agarose (type 1 low EEO 
A6013).
2.6 A sp e rg i l lu s  C u ltu re  Media
L iq u id  Minimal Medium (LMM): 10g g lu c o s e ,  2g NaN03 , 10mls -CN
s o lu t io n ,  1ml Trace Elements S o lu t io n , ad jus t volume to  1 l i t r e  w ith
d i s t i l l e d  water. S o lid  minimal medium: as l iq u id ,  w ith  the a d d it io n  o f  
12g Taiyo agar.
-C and -N versions were made up w ith  the exc lus ion o f  glucose and 
NaNOg re spec t ive ly .
Complete Medium (CM): As f o r  m in im a l medium p lu s  2g pe p to ne , 1g 
Y eas tre l,  l .5 g  Casein Hydrolysate, 1ml Vitamin S o lu t io n .
N it ro g e n  Free Sucrose O s m o t ic a l ly  S ta b l is e d  Medium (SOS-N): 342g 
sucrose, 10mls -CN S o lu t io n , 1ml Trace Element S o lu t io n , 20g D ifco 
Agar, volume brought up to  1 l i t r e  w ith  d i s t i l l e d  water.
-CN So lu t ion : 140g KH2P04 , 90g K2HPO4 .3H20, 10g KC1, 10gMgS04 , made up 
to  1 l i t r e  w ith  d i s t i l l e d  water.
Trace Element S o lu t io n : 40mg Na2B40y.10H20, 400mg CuS04 , 800mg FeP04, 
800mg MnS04.4H20, 800mg NaMo04.2H20, 8g ZnS04, made up to  1 l i t r e  w ith  
d i s t i l l e d  water.
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Vitam in S o lu t io n : 1g r ib o f la v in ,  1g n ico t inam ide , 0.1g e-amino benzoic 
ac id , 0.5g pyr idox ine  HC1, 0.5g aneurine HC1, 10mg b io t in ,  made up to  
1 l i t r e  w ith  d i s t i l l e d  water.
Media Supplements
Only those required by s t ra in s  commonly used in  t h i s  study are l is te d .
Supplement F inal Concentration
adenine
aneurine
b io t in
L -a rg in ine
L -leuc ine
L - ly s in e
L-methionine
L -p ro l in e
L-tryptophan
nicotinam ide
e-amino benzoic acid
pyrodoxine HC1
r ib o f la v in
50mM
0 . 2mg/ml
0.04ug/ml
1. OmM 
4mM
1. OmM 
1. OmM 
4mM 
4mM 
2ug/ml 
5. OuM 
0.05ug/ml 
5mM
2.7 S te r i l i s a t io n
A l l  growth media were s t e r i l i s e d  by a u to c la v in g  a t  120°C f o r  15 
minutes, w ith  some supplements and b u ffe rs  autoclaved a t 108°C fo r  10 
minutes. L-tryptophan, which breaks down a t 120°C, was s te r i l i s e d  by 
f i l t r a t i o n  through a 0 . 22um f i l t e r .
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2.8 B u ffe r  So lu t ions
E lectrophores is
DNA
10x TBE B u ffe r: 109g T r is ,  55g H3BO3 , 9.3g Na2EDTA.2H20, made up to  1 
l i t r e  in  d i s t i l l e d  water, pH is  8.3.
10x TAE B u ffe r :  48 .4g T r i s ,  3.6g NaAc, 3.6g Na2EDTA.2H20, made up to  1 
l i t r e  w ith  d i s t i l l e d  water, pH adjusted to  8.2 w ith  a c e t ic  ac id .
S ing le  Colony Gel B u ffe r :  2% F ic o l l ,  1% SDS, 0.01% bromophenol blue, 
0.01% orange G, in  1x TAE b u f fe r .
F inal Sample B u ffe r :  10% F ic o l l ,  0.5% SDS, 0.06% bromophenol b lue, 
0.06% orange G, in  1x TAE b u f fe r .
RNA
10x MOPS: 41.8g Morpholinopropanesulphonic ac id , 4.1g NaAc, 1.86g 
Na2EDTA, ad jus t pH to  7.0 w ith  NaOH then make up to  one l i t r e  w ith  
RNase fre e  (R/F) d i s t i l l e d  water.
MMF: 500ul Formamide, 162u1 37% formaldehyde, 1OOu1 MOPS, 338ul H20.
Formaldehyde Gel Loading B u f fe r :  50% g l y c e r o l ,  1mM Na2 EDTA, 0.4% 
bromophenol blue, 0.4% xylene cyano l, made up in  R/F d i s t i l l e d  water.
DNA Manipulation
R e s t r ic t io n  and L ig a t io n  B u ffe rs : Obtained form Gibco BRL
ATP Stock S o lu t io n  (100mM): D is s o lv e  60mg ATP in  0 .8m l d i s t i l l e d  
water, ad jus t pH to  7.0 w ith  0.1M NaOH, make up to  1ml w ith  water; 
s to re  a t -20°C.
TE B u ffe r :  10mM T r is ,  1mM EDTA, pH to  7.0.
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10x Klenow B u ffe r :  0.5M T r is ,  0.1M MgS04, 1mM d i t h i o t h r e i t o l , 500ug/ml 
bovine serum albumen; s to re  a t -20°C.
DNA and RNA H yb r id isa t io n
Nick T ra ns la t ion  B u ffe r :  as 10x Klenow b u f fe r .
10x Kinase B u ffe r :  100mM KC1, 70mM T r is ,  10mM MgClg, pH to  7 .6 , 5mM 
DTT (added a f te r  a u to c la v in g .)
20x SSC: 3H NaCl, 300mM Na3C it ,  pH to  7.0.
20x SSPE: 3.6M NaCl, 200mM NaH2P04, 20mM EDTA, pH to  7.4.
Denaturing S o lu t ion : 1.5M NaCl, 0.5M NaOH.
Denhard t’ s S o lu t io n :  0.2mg/ml BSA, 0 .2m g/m l F i c o l l - 4 0 0 ,  0 .2m g/m l 
p o lyv in y l pyro lidone.
N e u tra l is in g  S o lu t io n : 1.5M Tris ,. Im M  EDTA, pH to  7.2.
Pa ll Blot-wash: 0.2% SDS, ,1mM EDTA, 5mM NaH2P04
DNA and RNA E x tra c t io n , P u r i f ic a t io n  and General Purpose
Phenol: A l l  phenol used in the p u r i f ic a t io n  o f  DNA contained 0.1% 8-  
hydroquinoline and was buffered against 0.25M T r is ,  pH 8 .0 .
Chloroform: A m ixture  o f  chloroform and isoamyl alcohol (24 : 1) was 
used to  reduce foaming during e x tra c t io n  and improve phase separa tion  
o f  the aqueous and organic phases.
SM B uffe r: Used fo r  phage storage and d i l u t i o n : -  5.8g NaCl, 2g MgS04 , 
2% g e la t in ,  1 mM T r i s ,  pH to  7 .5  th e n  made up t o  1 l i t r e  w i t h  
d i s t i l l e d  water.
Birnboim Doly B u ffe r  I :  50mM glucose, 25mM T r is ,  1OmM EDTA, pH to  8 .0 .
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Birnboim Doly B u ffe r  I I :  0.2M NaOH, 1% SDS, made up fre sh .
Birnboim Doly B u f fe r  I I I :  5M KAc, pH4.8, mix equal volumes o f  3M 
CH3COOK, and CH3COOH, pH should be 4.8.
STET B u ffe r :  8% sucrose, 5% Triton-X100, 50mM EDTA, 50mM T r is ,  pH to  
8 . 0 . '
A.n idu lans DNA E x tra c t io n  B u ffe r :  200mM T r is ,  300mM NaCl, 25 mM EDTA, 
0.5% SDS, pH to  8 .5 .
A.n idu lans RNA E x tra c t io n . A l l  glassware used f o r  work in vo lv in g  RNA 
was h e a t  baked a t  250°C o v e r n i g h t  t o  r e n d e r  RNase i n a c t i v e .  
PIasticware was soaked in  1% DEPC ove rn igh t.  A l l  s o lu t io n s  termed 
“ RNase f re e "  (except those con ta in ing  amine groups), were trea ted  w ith  
0.1% DEPC overn igh t fo l low ed  by au toc lav ing  a t  120°C f o r  15 minutes. 
Compounds con ta in ing  amine groups (e .g . T r is ,  EDTA) were taken from 
p rev ious ly  unopened b o t t le s  and added to  RNase f re e  water. Gloves were 
always worn when working w ith  RNA.
5x RNB: 1.0M T r is ,  1.25M NaCl, 0.25M EGTA, pH to  8.5 w ith  NaOH.
RNA E x trac tion  Mix: 4.8g e-amino s a l i c y l i c  ac id  (PAS) and 0.8g o f  t r i -  
isopropylnaphthalene sulphonic acid are d isso lved  separa te ly  in  40mls 
o f  d i s t i l l e d  R/F water. The PAS is  added to  the TNS w ith  constant 
s t i r r i n g  and 20ml o f  5x RNB is  added to  the  PAS-TNS to  produce the 
e x tra c t io n  b u f fe r .  This m ixture can be stored on ice  fo r  up to  6 
hours.
Transformation
A.n idulans
ATB: 1.2M s o r b i t o l ,  10mM CaCl2, 10mM T r is ,  pH to  7.5.
APB: 1.2M MgS04, 5mM B-mercaptoethanol, 2mg/ml BSA, 10mM phoshate
b u f fe r ,  pH to  5 .6 .
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E .c o l i
T fb l :  30mM potassium aceta te , 100mM RbCl2, 10mM CaCl2, 50mM MnCl2, 15% 
( v / v )  g l y c e r o l ,  pH t o  5 .8  w i t h  a c e t i c  a c id .  ( S t e r i l i s e d  by 
f i I t r a t i o n . )
T f b l l :  10mM MOPS, 75mM CaCl2 , 10mM RbCl2, .15% (v /v )  g ly c e ro l ,  pH to  
6.5 w ith  KOH. (S te r i l i s e d  by f i l t r a t i o n ) .
A n t ib io t i c s : a m p ic i l l in :  Added to  both l iq u id  and p la tes  to  a f i n a l  
c o n c e n tra t io n  o f  50ug/m l. Stock s o lu t i o n :  100mg/ml in  s t e r i l e
d i s t i l l e d  water, stored a t 4°C fo r  up to  a month. Chloramphenicol: 
Added to  both l iq u id  and p la tes  to  a f i n a l  concen tra t ion  o f  10ug/ml. 
Stock s o lu t io n :  34mg/ml in  100% EtOH, stored a t -20°C f o r  up to  a 
year.
In  a l l  cases  medium was c o o le d  t o  <55°C b e fo r e  a d d in g  th e  
a n t ib io t i c .
2.9 E .c o l i  Growth C ond it ions : L iqu id  c u ltu re s  f o r  tra ns fo rm a tion  or 
plasmid o r phage DNA prepara tions were ro u t in e ly  grown in  L -b ro th  a t 
37°C w ith  vigorous shaking. P la te c u ltu re s  were grown on L-agar w ith  
a n t i b i o t i c s  added as re q u ire d .  When p la t i n g  b a c te r io p h a g e ,  phage 
p a r t ic le s  were mixed w ith  p la t in g  c e l ls  and incubated a t  37°C f o r  20 
minutes to  a llow  the phage to  adsorb to  the b a c te r ia . This suspension 
was then added to  3.0mls o f  cooled (47°C) BBL Agarose Overlay, then 
poured onto a hardened BBL agar p la te . A f te r  s e t t in g ,  the p la tes  were 
inverted  and incubated a t  37°C. Plaques were counted and picked a f t e r  
12-16 hours o f  incubation. '
B ac te r ia l s t ra in s  were stored on L-agar slopes a t room temperature, 
o r in  50% LB-broth, 40% g lyce ro l a t  -20°C.
2.10 A sp e rg i l lu s  Growth C ond it ions : S tra in s  were kept and subcultured 
on s o l id  medium, complete medium being used f o r  a l l  s t ra in s  w ith  the 
exception o f transformants which were cu ltu red  on minimal medium to  
maintain se lec t io n  fo r  the transformed phenotype. Incubation  was 
normally a t 37°C, healthy s t ra in s  c o n id ia t in g  a f te r  2-3 days.
L iq u id  medium w ith  the  a p p ro p r ia te  supp lem en ts  was used f o r  th e  
p ro d u c t io n  o f  m yce lia  f o r  t r a n s fo rm a t io n  e x p e r im e n ts  and f o r  DNA 
preparations.
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2.11 In  v ivo  Techniques z_ E^ c o l i
Standard methods as described in  Mania tis  e t  a l ,  1982.
Transformation o f E .co li 
Competent Cells
A s ing le  colony was picked and grown in  5mls o f  L -b ro th  a t 37°C w ith  
shaking to  0.D . 550 = 0 . 3  (2 hours). This c u l tu re  was used to  inocu la te  
100mls LB-broth prewarmed to  37°C. Growth was allowed to  continue 
u n t i l  a c e l l  d ens ity  o f  approximately 1x 108 c e l l s /  ml (m id- log  phase: 
0 . D. 55Q = 0.48 f o r  DH1) had been reached. C e lls  were c h i l le d  on ice  
f o r  10 m inutes, t r a n s fe r r e d  to  40ml tu b e s  and th en  h a rv e s te d  by 
c e n t r i f u g a t io n  a t  1,000g f o r  5 m in u te s  a t  0°C. The p e l l e t  was 
resuspended in 30mls o f  ice -co ld  T fb l .  C e lls  were then spun down 
immediately, as above, and very gen t ly  resuspended in  4mls T f b l l  by 
g e n t ly  drawing them th rough  a c u t - t i p p e d  1ml p i p e t t e .  The c e l l  
suspension was then incubated a t 0°C fo r  15 minutes. 200ul a l iq u o ts  
were dispensed in to  pre-cooled Eppendorf tubes, then snap-frozen by 
dropping them in to  l iq u id  n itrogen . C e lls  produced in  t h i s  manner and 
stored a t -70°C remained competent f o r  a t  le a s t 5 years.
Transformation
C e lls  were thawed a t  room te m p e ra tu re  u n t i l  j u s t  l i q u i d ,  b e fo re  
in cu b a t io n  a t  4°C f o r  5-10 m inu tes  (60 m in u te s  maximum.) The 
transform ing DNA was then added to  the c e l ls  and then mixed by gentle  
s t i r r i n g .  The DNA should be added in  a volume equal to  o r less than 
one q u a r t e r  o f  th e  vo lum e o f  th e  c o m p e te n t  c e l l s  and a t  a 
concentra tion  o f  less than 0.1ug/200ul c e l ls .  The c e l ls  were l e f t  on 
ice  fo r  20 minutes before heat-shocked a t 42°C fo r  45 seconds. The 
c e l l s  were then put back on ice  fo r  1-2 minutes to  quench the heat 
shock. 4 volumes o f  LB-broth were then added and the c e l ls  incubated 
a t 37°C fo r  40-60 minutes to  a llow  expression o f  the a n t i b io t i c  
res is tence gene. Transformed c e l ls  were then poured onto a n t ib io t i c  
supplemented L-agar p la tes  which had p re v iou s ly  been a i r  d r ie d  f o r  
several hours.
2.12. I d v ivo  Techniques j. A s p e rg illu s
C lass ica l Techniques: A l l  methods were as described in  Pontecorvo e t 
a l ,  1953 and C lu tte rbuck , 1974.
M e io t ic  Crosses: C on id ia  o f  th e  two s t r a i n s  to  be c ro sse d  (b o th  
ca rry in g  d i f fe r e n t  auxotrophic markers) were mixed in a small volume 
o f  CM and p la ted in  the centre  o f  a t h ic k  p la te  o f  MM. The p la te  was 
incubated fo r  24 hours a t 37°C, then sealed w ith  tape and incubated 
f o r  a fu r th e r  10 days to  3 weeks a t 37°C. Mature c le is to th e c ia  were 
picked and freed from m yce lia l deb r is  and Hulle  c e l ls  by r o l l i n g  them 
w ith  a d isse c t in g  needle over the surface o f  an agar p la te .  They were 
then crushed and suspended in  d i s t i l l e d  w a te r  and a p p r o p r ia t e  
d i lu t io n s  p lated out onto CM; the presence or absence o f  markers form 
both parents among progeny showed whether a c le is to thec ium  was hybrid  
o r  s e l fe d .  Master p la te s  each c o n ta in in g  an o rd e re d  a r r a y  o f  24 
progeny from recombinant c le is to th e c ia  were constructed on CM, and 
r e p l i c a  p la te d  onto MM w ith  a p p ro p r ia te  supp lem ents  in  o r d e r  to  
determine the genotype o f  the recombinant progeny.
Parasexual Analysis
Formation o f  heterokaryons: Conidia from two s t ra in s  w ith  d i f f e r e n t  
n u t r i e n t  requirements and d i f f e r e n t  spore  c o lo u r  pheno types  were 
s treaked  in  p a r a l le l  l in e s  a p p ro x im a te ly  4-5  mm a p a r t  on CM and 
incubated a t 37°C fo r  2 days. When the edges o f  the two co lon ies  had
o
grown toge ther, a s t e r i l e  sca lpe l blade was used to  cut out 2mm cubes 
o f  CM and fungus from the ju n c t io n  region. These were p la ted  on MM. 
Linder these cond it ions on ly  h e te roka ryo t ic  mycelium can grow. A f te r  3- 
4 days growth a t 37°C the h e te roka ryo t ic  colony f i l l s  the p la te .  2mm3 
cubes taken from the colony periphery were subcultured on MM, and then 
a f te r  another 3-4 days, subcultured again.
Se lec t ion  fo r  d ip lo id s :  A f te r  3-4 days a suspension o f  con id ia  from 
the heterokaryon was prepared; t h is  was f i l t e r e d  through co tton  wool 
to  remove he te rokaryo tic  m yce lia l de b r is .  Conidia were added to  hand- 
hot molten MM to  d i f f e r e n t  concentra tions and p la tes  poured. When se t,  
these were incubated a t 37°C f o r  2-3 days a f te r  which b r ig h t  green 
d ip lo id  co lonies were seen. To check th a t  these were d ip lo id s ,  s izes 
o f  con id ia  were compared m ic ro sco p ica l ly  w ith  con id ia  from a hap lo id
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s t r a i n ,  us ing an eyepiece g r a t i c u l e .  C ha ins o f  3 c o n id ia  were 
examined, [ leng th  o f  d ip lo id  cha in ] 3 was roughly [ le n g th  o f  haplo id  
cha in ] 3 x 2 .
H a p lo id is a t io n :  D ip lo id s  were th e n  s ta b  in o c u la te d  o n to  CM p lu s
2mg/ml b e n la te  (benomyl) which s t im u la t e s  m i t o t i c  h a p lo id i s a t i o n  
(McCully and Forbes, 1965; Hastie , 1970). Haploids appeared as fa s t  
growing sectors , which were used to  inocu la te  master p la te s . Genotypes 
o f  haplo id  segregants were then ascerta ined by standard means.
Molecular Techniques
Transformation o f  A s p e rg i l lu s : The method o f  trans fo rm ation  used was 
th a t  descr ibed  by T i l  burn e t  a l ,  1984 and m o d i f ie d  by Jo h n s to n e , 
1985a.
C ultu re  o f  mycelium: Mycelium was grown in  l iq u id  MM w ith  appropria te  
supplements fo r  auxotrophic s t ra in s .  1 l i t r e  f la s k s  con ta in ing  200mls 
o f  medium were incubated  f o r  12-16 hours  a t  37°C w i t h  v ig o ro u s  
shaking. Normally con id ia  from fresh  growth on s o l id  medium was used
o
f o r  in o c u la t io n :  about 10 c o n id ia  /  200ml c u l t u r e  medium. The 
mycelium was harvested using s t e r i l e  co n d it io ns .
P ro top las t Production: The mycelium was suspended in APB (about 1g wet 
w e ig h t/5 m ls ,  which should g ive  a pea-soup c o n s is te n c y )  in  a 20ml 
un iversa l conta iner to  which B-mercaptoethanol and BSA were added to  
f i n a l  c o n c e n tra t io n s  o f  5mM and 2mg/ml r e s p e c t i v e l y .  T h is  s te p  
in c re a s e d  p r o t o p l a s t  v i a b i l i t y  a f t e r  t r a n s f o r m a t i o n  10- f o l d  
( J o h n s to n e ,  1 9 8 5 a ) .  NovoZym 234 was th e n  added t o  a f i n a l  
concentra tion  o f  4mg/ml. This was incubated from 90-180 minutes in an 
o r b i t a l  s h a k e r  (100 rpm) a t  30°C . The p r o t o p l a s t e d  m ix  was 
t ra n s fe rre d  to  30ml Corex cen tifuge  tubes and an overlay o f  1ml o f  
0.5x ATB was gen tly  added to  the surface o f  the contents o f  each tube. 
The p ro to p la s ts  were separated from  d e b r is  by c e n t r i f u g a t i o n  a t  
5,000g fo r  10 minutes a t 4°C in a swing out ro to r ;  the p ro top las ts  
formed a sharp band a t the in te r fa c e  between APB and 0.5x ATB.
The p ro top las ts  were gen tly  drawn o f f  using a cu t- t ip p e d  p ip e t te  
and resuspended in th ree  volumes o f  ATB re la t iv e  to  the p ro to p la s t  
mix, and pe lle ted  by c e n tr i fu g a t io n  a t  4,000g fo r  f i v e  minutes. The
p ro to p la s ts  were washed tw ice  in  the same volume o f  fresh  ATB and
7 8f i n a l l y  resuspended in  ATB a t  a d e n s i t y  o f  5 x 10 ' -  2 x 10 
p ro to p la s ts /m l.
fiT ra n s fo rm a t io n :  200-300 ng t r a n s fo r m in g  DNA was added pe r 10 
p ro to p la s ts .  DNA was in  a volume o f  10u 1 TE to  a 100ul volume o f
p ro to p la s t  suspension. Th is was incubated a t room temperature fo r  15
minutes; 10 volumes o f  60% PEG MW 8,000 ( in  ATB) was then added,
fo llowed by a fu r th e r  15 minutes incuba tion . The PEG was then d i lu te d  
by the ad d it io n  o f  5 volumes o f  ATB.
Regeneration: P ro to p las t suspensions were g e n t ly  p ipe tted  onto p e t r i  
p la tes . Luke warm molten SOS-N agar, w ith  appropria te  supplements, was 
then poured in t o  th e  p la te s  and m ixed w i t h  th e  p r o t o p la s t s  by 
a g ita t in g  the p la tes  by hand. A f te r  s e t t in g  p la tes  were incubated a t 
37°C . Transformed co lon ies appeared a f t e r  2 days in  the case o f ARp 
plasmids, and 3 days w ith  Alp plasmids.
2.13 In  V i t r o  Techniques
The standard methods were as described in  M an ia tis  e t  a l ,  1982.
Plasmid Preparation
The plasmid content o f  EL c o l i  transformants was ro u t in e ly  screened by 
a combination o f  S ing le  Colony Gel E lec trophores is , and r e s t r i c t i o n  
mapping fo l lo w in g  plasmid is o la t io n .
S ing le  Colony Gel E lec trophores is : T h is  technique enables the plasmid 
content o f  an E. c o l i  transform ant to  be observed. A s in g le  colony is
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patched out (1cnr) on a se le c t iv e  p la te  and grown ove rn igh t. Using a 
too thp ick  a blob o f  c e l l s  is  co l le c te d  and resuspended in  100ul o f  
S in g le  Colony Gel B u f fe r .  25ul o f  th e  su spen s ion  c o n ta in in g  th e  
plasmid is  then loaded onto an agarose ge l.
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A more d e ta i le d  sc reen ing  o f  p la sm id  c o n te n t  in v o lv e d  f i r s t l y  
p u r i f i c a t io n  o f  plasmid DNA fo llow ed by r e s t r i c t i o n  a n a lys is .
Boiling /  STET Preparation
The b o i l in g  o r STET plasmid miniprep (Holmes and Quig ley, 1981) a llows 
is o la t io n  o f  a small amount o f  res t* ic tab le  DNA from a large number o f  
E. c o l i  transformants in  a r e la t iv e ly  sh o rt time.
C e lls  from a 1.5ml overn igh t c u ltu re  were p e lle te d  by sp inn ing in  a 
microfuge fo r  20 seconds. The p e l le t  was resuspended in  350ul o f  STET 
b u f fe r  and 25ul o f  lysozyme (10mg/ml) was added. Lys is  having been 
achieved through incubation in  a b o i l in g  water bath f o r  40 seconds, 
the co p re c ip ita te d  c e l l u la r  debr is  and denatured chromosomal DNA was 
p e l le te d  by c e n t r i f u g a t io n  f o r  15 m in u te s  and removed w i t h  a 
to o th p ick .  The plasmid DNA was then p re c ip i ta te d  by adding 40ul 3M 
NaAc and 400ul cold isopropanol. The p re c ip i ta te d  DNA was p e lle te d  by 
sp inn ing fo r  7 minutes, and washed w ith  70% EtOH. The excess a lcohol 
was drained o f f  and the Eppendorf tubes used l e f t  inve rted  f o r  15 
minutes to  dry. The p e l le t  was then resuspended in  50ul TE.
Birnboim-Doly large scale preparation o f plasmid DNA
A m o d if ica t io n  o f  the Alkaline-SDS e x t ra c t io n  o f  Birnboim and Doly 
(1979) was used f o r  la rge -sca le  p repara tion  o f  plasmid DNA.
100ml o f  plasmid con ta in ing  c e l ls  were p e lle te d  by c e n t r i fu g a t io n  a t 
3 ,8 4 0 g  f o r  5 m in u te s .  The p e l l e t  was re su sp e n d e d  in  4m ls  o f  
B irnbo im /D o ly  s o lu t io n  I  and in c u b a te d  a t  room te m p e ra tu re  f o r  5 
minutes. Cells  were then lysed by the a d d it io n  o f 8mls o f  f r e s h ly  
prepared Birnboim/Doly s o lu t io n  I I ,  w ith  mixing by gentle  in ve rs io n ; 
the  m ix tu re  was then l e f t  on ice  f o r  5 m in u te s .  6mls o f  c o o le d  
Birnboim/Doly so lu t io n  I I I  was then added, and again g e n t ly  mixed 
u n t i l  v is c o s i ty  was reduced. The w h ite , f l o c u la r  p re c ip i ta te  was spun 
down by c e n tr i fu g a t io n  a t 35 ,OOOg a t 4°C f o r  10-20 minutes and the 
sunernatent poured in to  a tube con ta in ing  12mls o f  isopropanol. A f te r  
mixing the plasmid DNA was l e f t  a t room temperature f o r  15 minutes to  
p re c ip i ta te  before being cen tr ifuged  a t 35 ,OOOg fo r  10 minutes a t  room 
temperature. The p e l le t  was washed c a re fu l ly  w ith  70% e thanol, d r ie d  
and resuspended in  TE.
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The p la s m id  DNA was p u r i f i e d  by C s C l /E t B r  d e n s i t y  g r a d i e n t  
u l t r a c e n t r i fu g a t io n :  4 .5g CsCl was d isso lved  in  4 .6mls o f  c leared 
lysa te . 240ul EtBr (10mg/ml) was added and t h i s  s o lu t io n  t ra n s fe r re d  
to  a 6ml polypropylene u l t r a c e n t r i fu g e  tube and spun a t 55K (267 ,OOOg) 
a t  20°C fo r  a t  le a s t 4 hours ( V t i 65 r o to r ) .  The plasmid band was 
removed w ith  a hypodermic syr inge . A f te r  removal o f  EtBr by repeated 
e x t r a c t io n  w ith  w a te r -s a tu ra te d  b u t a n o l , CsCl was removed by 3 
successive d ia lyses  against a 1,OOOX volume o f  TE. The f i r s t  two 
d ia lyses  were f o r  20 minutes, and the f i n a l  one, 60 minutes.
Bacteriophage DNA Preparation
Preparation o f  p la t in g  b a c te r ia : 50mls o f  LB-broth con ta in ing  0.2% 
maltose in  a 250ml f la s k  was inocu la ted  w ith  a s in g le  colony o f  
E .c o l i  (e .g .  no n -pe rm iss ive  s t r a i n  NM539) and in c u b a te d  a t  37°C 
overn igh t w ith  shaking. The c e l l s  were then p e lle ted  by sp inn ing  a t 
4 ,OOOg fo r  10 minutes a t  room temperature, and resuspended in  100mls 
10mM MgS04 ; t h i s  should give a c e l l  dens ity  o f  about 1.5 x 109/ml 
(ODgoo = 2). P la t in g  b a c te r ia  prepared in  t h i s  way stored a t  4°C 
remain v ia b le  fo r  up to  3 weeks.
P u r i f ic a t io n  o f  Bacteriophage: A s in g le  v i r a l  plaque was picked from a 
p la te  (>12 hours o ld , a t 37°C) w ith  a to o th p ick  and added to  1ml o f  SM 
b u f fe r ,  and vortexed. 100ul o f  the re s u lt in g  phage suspension was 
added to  250ul o f  p la t in g  b a c te r ia , p la ted , and incubated ove rn igh t a t 
37°C. This re s u lts  in  con fluen t l y s is .  10mls o f  SM b u f fe r  was then 
added to  the p la te ,  which was then incubated fo r  2 hours a t  room 
temperature on a rocking p la tfo rm . 5mls o f  the re s u l t in g  suspension 
was then added to  400ml o f  cu ltu red  E.col i cel Is  (e .g . perm issive 
s t ra in  NM538), OD600 = 0 .3 , grown in  LB-broth supplemented w ith  10mM 
MgS04 , in  a b a f f le d  2 l i t r e  f la s k .  Th is was then incubated a t  37°C 
u n t i l  ly s is  had occurred (4-6 hours).
10mls o f  ch lo ro fo rm  was then added and in c u b a t io n  a l lo w e d  to  
continue fo r  a fu r th e r  10 minutes. C e l lu la r  debris  was removed by 
c e n tr i fu g a t io n  a t 14K (1 5 ,OOOg) f o r  20 minutes. The supernatant was 
t ra n s fe r r e d  to  a new vessel and DNase and RNase ( 2ug/m i f i n a l  
c o n c e n t ra t io n )  were added and in c u b a te d  f o r  20 m in u te s  a t  room 
temperature. Next, NaCl was added to  a f i n a l  concentra tion  o f  2% w/v 
and l e f t  f o r  one hour on ice to  p re c ip i ta te  unwanted p ro te in s .  These
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were p e lle te d  by c e n t r i fu g a t io n  fo r  5 minutes a t 15,OOOg a t  4°C. The 
phage p a r t ic le s  were then p re c ip i ta te d  from the supernatent by the 
a d d i t io n  o f  PEG 6,000 to  a f i n a l  c o n c e n t r a t io n  o f  8% w /v .  A f t e r  
incubation a t 4°C f o r  4 hours the phage were p e lle te d  by a 5 minute 
spin a t  15,OOOg a t 4°C, and the supernatent decanted. The ce n tr i fu g e  
vessels were l e f t  inve rted  f o r  10 minutes to  d ra in  o f f  a l l  o f  the 
supernatent. The p re c ip i ta te d  phage were then resuspended in  12mls SM, 
then p u r i f ie d  by d ens ity  g rad ien t u l t r a c e n t r i fu g a t io n .
Follow ing the a d d it io n  o f  0.71g CsCl to  each 1ml o f  SM, a phosphate 
p re c ip i ta te  formed which was removed by c e n tr i fu g a t io n  fo r  10 minutes 
a t  1 2 , OOOg, 20°C. The C s C l/p h a g e  c o n t a in i n g  s u p e r n a ta n t  was 
t ra n s fe r r e d  in t o  a p o lyp ro p y le n e  tu b e  and spun t o  e q u i l i b r i u m  
(270,OOOg, 4 hours, V ti65  r o to r ) .  The band o f  phage, which aga ins t a 
b la ck  background appears a pa le  b lu i s h  g re y ,  was removed u s in g  
hypodermic s y r in g e ;  th e  CsCl was th e n  removed by s e r i a l  d ia l y s e s  
aga inst SM.
DNA E xtrac t ion : Removal o f  DNA from the bacteriophage suspension was 
ca rr ie d  out a f t e r  incubation w ith  EDTA (20mM), prote inase K (50ug/ml) 
and SDS (0.5%) f o r  a period o f  60 minutes a t  37°C. The DNA was then 
e x t ra c te d  tw ice  a g a in s t  p h e n o l /c h lo ro fo rm  and then  once a g a in s t  
chloroform w ith  res idua l chloroform  being removed by d ia ly s is  aga ins t 
a 1,000x volume o f  TE, tw ice  fo r  20 minutes and then once f o r  one 
hour.
Preparation o f  High MW DNA from A s p e rg i l lu s : based on the method o f  
Raeder and Broda (1985).
Mycelium grown fo r  14-20 hours a t 37°C was harvested by f i l t r a t i o n ,  
then immersed in  l iq u id  n itrogen  and ground to  a f in e  powder using a 
pes tle  and mortar. 10mls o f  e x t ra c t io n  b u f fe r  was q u ic k ly  added to  
each 1g o f  the freeze d r ied  powder and th i s  was mixed by inve rs io n . A 
70% volume o f  buffered phenol was added and mixed in ,  fo l low ed by a 
30% volume o f  c h lo ro fo rm . A f t e r  30 seconds o f  m ix in g  by g e n t le  
invers ion  the suspension was cen tr i fuged  fo r  60 minutes a t 13,OOOg and 
the aqueous upper laye r was removed. To t h i s  was added RNase to  a 
f i n a l  concentration o f  250ug/ml; t h i s  was l e f t  to  incubate f o r  30 
minutes a t room temperature on a tube r o l l e r .  Next, the s o lu t io n  was 
extracted w ith . 1 volume o f  chloroform and cen tr i fuged  fo r  10 minutes
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a t 13,OOOg. The upper, aqueous phase was tra n s fe rre d  to  a new tube and 
0.51 volumes o f  isopropanol added to  p re c ip i ta te  DNA. A f te r  15 minutes
the DNA was p e lle ted  by c e n t i fu g a t io n  f o r  10 minutes a t 13,OOOg. The 
su p e rna tan t was d isca rd e d , and th e  p e l l e t  g e n t ly  washed w i t h  70%
ethano l, d r ie d , and then d isso lved  in  TE.
P rec ip ita tio n  of DNA:
DNA was p re c ip i ta te d  e i t h e r  using EtOH or isopropanol. In  each case 
DNA so lu t io n s  were made 0.3M w ith  respect to  NaAc by the a d d i t io n  o f  
1/9 volume o f  3M NaAc pH 5.3 . For ethanol p re c ip i ta t io n  2.5 volumes o f  
EtOH (absolute a lcoho l)  were added and the p re c ip i ta t io n  was c a r r ie d  
o u t a t  4°C f o r  30 m inu tes , o r  10 m in u te s  a t  -2 0 °C . Is o p ro p a n o l  
p re c ip i ta t io n  was performed by adding 0.6 volumes o f  isopropanol to  
th e  DNA s o lu t io n .  T h is  was th e n  l e f t  f o r  30 m in u te s  a t  room 
temperature.
P re c ip i ta te d  DNA was p e l le te d  by c e n t r i f u g a t i o n  a t  1 2 ,OOOg in  a 
microfuge fo r  15 minutes o r Beckman JA2-21 JA20 ro to r  f o r  20 minutes 
a t  18K ( 4 0 , OOOg). T e m p e ra tu re  was 0°C in  th e  case  o f  EtOH 
p re c ip i ta t io n ,  and 20°C in the case o f  isopropanol p r e c ip i t a t io n .  
A f te r  decanting the supernatent, traces  o f  s a l t  were removed from the 
p e l le t  by washing w ith  70% EtOH. The p e l le t  was then d r ie d  under a 
vacuum.
R estriction  of DNA:
DNA was ro u t in e ly  re s t r ic te d  in  0.4ml Eppendorf tubes. Reactions were 
usu a l ly  performed in  a to ta l  volume o f  20ul con ta in ing  0 . 1- 1.0 ug o f  
DNA, 2ul 10x r e s t r i c t io n  b u f fe r  and 1.0 to  10.0 u n its  o f  enzyme, the 
volume being made up w ith  dHgO. The reactions were incubated a t  the 
appropria te  temperature, as recommended by the su p p l ie rs  (u s u a l ly  
37°C) f o r  1 hour a f te r  which time the d ig es t io n  was u su a l ly  complete. 
R e s t r ic t io n  was arrested by e i th e r  the a d d it io n  o f  f in a l  sample b u f fe r  
o r  i f  s e r ia l  t rea tm e n ts  were re q u i re d  phenol e x t r a c t i o n  and EtOH 
p re c ip i ta t io n .  R e s tr ic t io n s  in vo lv in g  Lambda DNA fo r  s ize  markers were 
always heated to  65°C fo r  5 minutes to  melt the cohesive ends p r io r  to  
loading on a ge l.
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Ligation o f DNA:
T4 lig a se  ca ta lyses the fo rm a tion  o f  c o va le n tly  jo in e d  hyb rid  DNA 
molecules from "s t ic k y "  o r b lu n t ended molecules. The concen tra tion  
o f  fragment "ends" to  ve c to r "ends" was adjusted to  approxim ate ly 2 to  
1, and the to ta l  concen tra tion  o f  DNA was adjusted to  5-20 ug/m l. A 
ty p ic a l 20ul reac tion  mix comprised about 100ng o f DNA (v e c to r and 
fragm ent), 4ul 5x BRL lig a se  b u ffe r ,  and 0.1 u n it  o f T4 DNA lig a se  fo r  
" s t ic k y  ended" l ig a t io n s ,  o r 1 u n it  fo r  "b lu n t ended" l ig a t io n s ,  the  
volume being made up w ith  d is t i l l e d  w ater. For "b lunt-ended" l ig a t io n s  
the rea c tion  was allowed to  proceed fo r  more than 12 hours a t 16°C, 
w h ils t  "s ticky-ended" reac tions  were norm ally c a rr ie d  out a t room 
temperature fo r  about 4 hours.
Phosphatase Treatment:
S e lf - l ig a t io n  o f c lon ing  ve c to r molecules d ra m a tic a lly  reduces the 
e f f ic ie n c y  o f  DNA c lo n in g . By rem oving th e  5 ’ te rm in a l phospha te  
groups on lin e a ris e d  ve c to r DNA p r io r  to  m ixing w ith  ta rg e t fragm ent, 
s e l f - l ig a t io n  is  minimised because to  work T4 DNA liga se  requ ires  a 5 ’ 
te rm ina l phosphate group on one precursor molecule. As c a l f  in te s t in a l 
phosphatase (C IP) fu n c t io n s  in  most r e s t r i c t i o n  b u f fe r s ,  i t  was 
u s u a lly  added (0 .1  u n i t )  to  a v e c to r  DNA r e s t r i c t i o n  d ig e s t .  To 
dephosphory la te  p ro tru d in g  5 ’ t e r m in i ,  in c u b a t io n  was a llo w e d  to  
proceed fo r  30 m inutes a f te r  r e s t r i c t i o n  a t  37°C b e fo re  a second 
a liq u o t (0.1 u n it )  was added and incubated fo r  a fu r th e r  30 m inute 
pe riod . When dephosphorylating DNA w ith  b lu n t ends o r recessed 5 ’ 
te rm in i,  incubation took place a t 37°C fo r  15 m inutes, fo llow ed  by 
56°C fo r  15 minutes. Fo llow ing the a d d itio n  o f another 0.1 u n it  o f  CIP 
incuba tion  a t both o f these temperatures was repeated.
To remove CIP the "phosphatased" system was heated to  68°C fo r  15 
m in u te s  in  th e  p re s e n c e  o f  2% SDS and e x t r a c te d  tw ic e  w i t h  
pheno l/ch loro form . DNA was recovered by e ith e r  p re c ip ita t io n  o r the 
use o f the Gene-clean o r Prepagene systems.
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E x tra c tio n  o f  DNA from Agarose Gels Using Gene-Clean and Prepagene:
These methods were c a r r ie d  o u t a c c o rd in g  to  th e  m a n u fa c tu re rs ’ 
in s tru c t io n s . Both processes were used fo r  the p u r if ic a t io n  o f  bands 
from agarose ge ls e ith e r  fo r  c lo n in g , ra d io la b e llin g  fo r  use as a
h y b r id is a t io n  probe, o r fo r  tra n s fo rm a tio n  o f  A s p e rg illu s .
DNA is  f i r s t  run on a gel ( in  the case o f Gene-clean th is  has to  be a 
TAE g e l) .  The desired band is  cu t o u t, weighed in  an Eppendorf tube
and then chopped in to  small p ieces. 2.5 volumes o f Nal are added and
the Eppendorf placed in  a 55°C water bath fo r  10 m inutes, o r u n t i l  the  
agarose gel has d isso lved . A lte rn a t iv e ly ,  the agarose b lock is  placed 
in  a small Eppendorf tube w ith  a p in -h o le  in  the  bottom overlayed w ith  
a g lass wool p lug. This is  then placed in  a la rge  Eppendorf tube , and 
spun in  a m ic ro fuge  f o r  2 m in u te s . The DNA in  s o lu t io n  is  th e n  
withdrawn from the la rge  Eppendorf tube. 5ul o f g lass m ilk  (a 
suspension o f powdered g lass in  dH20) is  then added and the  tube
vortexed b r ie f ly ;  the suspension is  incubated fo r  5 minutes on the 
bench (o r  on ic e  in  the  case o f  G ene-C lean) and th e n  spun in  a 
m icrofuge fo r  5 seconds. The supernatant is  discarded and the  p e lle t  
resuspended in  600ul NEW (Gene-Clean) o r wash (Prepagene) b u ffe r .  I t  
is  then p e lle te d  as before and washed again tw ice  before DNA is  e lu ted  
by resuspension in  TE.
E x tra c tio n  o f  RNA: -  m odified  from Tim berlake, 1980.
M y c e l ia l  m ats were p e e le d  fro m  a g a r - f i l l e d  p e t r i  d is h e s  and 
imm ediately submerged in  l iq u id  n itro g e n . The mycelium was ground to  a 
f in e  powder w ith  a p es tle  and m orta r, which was added q u ic k ly  to  a 
cooled m ixture  o f 8ml o f RNA e x tra c tio n  b u ffe r  and 4mls o f  bu ffe re d  
phenol per m yce lia l mat. The m ix tu re  was v o r te x e d  f o r  10 m in u te s  
in te rm it te n t ly :  30 seconds o f vo rte x in g  fo llow ed  by 30 seconds on ic e . 
4 mis o f  ch loroform  was added and then the m ixtu re  was ce n tr ifu g e d  fo r  
10 minutes a t 12,OOOg and 4°C. The aqueous phase was re -e x tra c te d  
tw ice  w ith  pheno l/ch loro form . L iC l (10M) was added s low ly  to  a f in a l  
concen tra tion  o f 2M and RNA allowed to  p re c ip ita te  ove rn igh t a t 4°C. 
The RNA was p e lle te d  a t 8 , OOOg fo r  15 minutes a t 4°C, then washed w ith  
70*Et0H.
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2.14 : N ucle ic  Acid H y b rid is a tio n
Probe R a d io la b e llin g>■
$ N ick  T ra n s la t io n : The enzyme E .c o l i DNA po lym erase  I  was used in
op
con junc tion  w ith  DNase I  to  prepare P -la b e lle d  DNA s u ita b le  fo r  use
as a h y b r id is a tio n  probe. DNA polymerase I  has a 3 ’ to  5 ’ polymerase, 
and a 3 ’ to  5 ’ and a 5 ’ to  3* ex 'onuc leo ly tic  a c t iv i t y ,  f a c i l i t a t in g  
the replacement o f p re -e x is t in g  nu c leo tides  w ith  ra d io a c tive  ones. The 
enzyme requ ires  a nicked double s trand  DNA tem plate, the  n icks  being 
~ produced by the a c t iv i t y  o f the enzyme DNase I .
"  A ty p ic a l n ick  tra n s la t io n  consis ted  o f 0.2 to  1.0ug o f  DNA (u s u a lly
plasmid DNA o r a gel p u r if ie d  r e s t r ic t io n  fragment o f a plasm id) , 2ul 
o f a 1mM s o lu tio n  o f each o f the 3 u n la be lle d  dNTPs, 20uCi [ - 32P]dATP
I  1,000Ci/mMole, 5ul 10x N ick T ra n s la tio n  B u ffe r , the volume being made
~ up to  50ul w ith  s te r i le  d is t i l l e d  water and c h il le d  on ic e . N icks were
j  in troduced by the a d d itio n  o f 0 .5u l DNase I  (0 .1ug/m l) p r io r  to  the
C a d d itio n  o f 5 u n its  o f DNA polymerase I .  Th is was incubated fo r  a t
le a s t 2 hours a t 16°G. 2ul 0.5M EDTA was then added to  stop the 
re a c tio n  and th e  u n in co rp o ra te d  dNDPs and dNTPs s e p a ra te d  from  
Z la b e lle d  DNA by passage through a Sephadex G-50 column w ith  the  marker
~ dyes phenol red and dextran b lue . The dNDPs, dNTPs and phenol red
I  e n te r the m a trix  and are re ta rded ; DNA and phenol b lue are excluded
from the m a trix  and is  e lu ted  f i r s t .
Random prim ing : In th is  reac tion  DNA to  be ra d io la b e lle d  is  f i r s t  
l in e a r is e d  by r e s t r ic t io n  ( i f  i t  i s n ' t  1 in e a r  a lr e a d y ) and th e n  
denatured by heating to  95-100°C fo r  2 m inutes, then c h il le d  on ic e . 
Random sequence hexanucleotides can be used to  prime DNA syn thes is  on 
a s in g le  stranded DNA tem plate by the DNA polymerase I  Klenow fragment 
(F e inb e rg  and V o g e ls te in , 1983). U sing  t h i s  te c h n iq u e , up to  80% 
in co rp o ra tio n  o f ra d io la b e lle d  dNTPs added can be achieved; using 
random p rim in g  the probe s p e c i f ic  a c t i v i t y  o b ta in e d  is  u s u a l ly  
cons iderab ly  h igher than th a t using n ick  t ra n s la t io n .
Random prim ing reactions were u su a lly  c a rr ie d  out in  a volume o f 
50ul. This contained 10-50ng l in e a r  DNA, 5ul 10x reaction  b u ffe r ,  5ul 
hexanucleotide primer s o lu t io n , 4ul 1mM s o lu tio n s  o f  each o f the  3 
un labe lled  dNTPs, and 20uCi ( - 33P)dNTP 1,000 Ci/mMole, (u s u a lly  dATP 
o r dCTP), and 20 u n its  o f DNA polymerase I  Klenow fragment. The volume 
was made up to  50ul w ith  dH20 . Th is was incubated a t 37°C fo r  30
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m inutes. Separation o f  ra d io la b lle d  DNA was as described fo r  n ick  
t ra n s la t io n .
Southern B lotting:
DNA was tra n s fe rre d  from  agarose ge ls to  Hybond-N (Amersham) nylon 
m em brane, u s in g  th e  p ro c e d u re  o f  S o u th e rn  (1 9 7 5 ) ,  and th o s e  
m o d if ica tio n s  suggested by the  m anufacturers o f the membrane.
A fte r  e le c tro p h o re s is , when A s p e rg illu s  chromosomal DNA was p re se n t,, 
the  DNA was p a r t ia l ly  depurinated by soaking the gel in  0.25M HC1 fo r  
30 m in u te s .  The g e l was th e n  soaked  in  d e n a tu r in g  and th e n  
n e u tra lis in g  s o lu t io n  fo r  30 minutes w ith  gen tle  a g ita t io n , e .g  using 
a rock ing  p la tfo rm . A g lass p la te  spanning two re se rvo irs  o f  20x SSC 
was covered w ith  a sheet o f f i l t e r  paper (Whatmann 3MM), the  f i l t e r  
paper being submerged in  20x SSC on both s ides. The gel was; placed on 
top  o f the paper and a piece o f nylon membrane, cu t to  s iz e , was 
placed on the g e l, w ith  care to  exclude any a ir-b u b b le s . The membrane 
was then covered w ith  two sheets o f  f i l t e r  paper and then a th ic k  
s tack o f absorbant paper tow e ls , a sheet o f  g lass, and f i n a l l y  a 
weight (about 1kg). The tra n s fe r  o f DNA then took 12-16 hours a f te r  
which the membrane was removed, washed fo r  a few seconds in  2x SSC, 
a i r  d rie d  fo r  15 m inutes, and then exposed to  U.V. ra d ia t io n  in  a 
S tra ta lin k e r  U.V. oven to  c ro s s lin k  the DNA to  the f i l t e r .
.
Northern B lotting:
The presence o f  formaldehyde in  RNA ge ls meant th a t no p re -tre a tm en t 
o f the gel to  denature the  n u c le ic  ac id  was necessary, and so a f te r  
e le c tro p h o res is  the agarose gel was sim ply in ve rte d , covered w ith  
Hybond-N, f i l t e r  paper and paper tow e ls . RNA was then tra n s fe rre d  onto 
the  ny lon  membrane th rough  the  c a p i l l a r y  a c t io n  o f  20x SSc b e in g  
absorbed in to  the paper tow e ls . A fte r  b lo t t in g  the RNA was U V -fixed  to  
the Hybond-N before h y b r id is a t io n .
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N ucle ic  Acid H y b rid is a tio n
R ad io labe lled  probe (h igh  s tr in g e n c y ): The methodology is  m odified  
from th a t recommended by the m anufacturer o f  Hybond-N membrane. The 
membrane was p rehyb rid ised  in  sealed bags in  5ml 5x SSPE, 0.2% SDS per 
100 cm2. The membrane was incubated fo r  one hour a t 65°C, w ith  gentle  
a g ita t io n . H yb rid isa tio n  w ith  the ra d io la b e lle d  probe was performed in  
fre sh  p re h y b rid is a tio n  b u ffe r . The probe was denatured by b o il in g  fo r  
2 m inutes, c h il le d  on ic e , then added to  the bag. Th is was incubated 
fo r  65°C. Incubation tim e va rie d  w ith  the abundance o f DNA ta rg e t 
sequences. In  the case o f lambda plaques, o r d iges ts  o f  plasmid DNA, 
4-8 hours is  s u f f ic ie n t .  In  the case o f s in g le  sequences in  d ig e s ts  o f 
genomic DNA >12 hours is  necessary. The bag was then opened and the 
ra d io a c tiv e  probe d iscarded. The membrane was washed th ree  tim es in  
P a ll Blot-wash fo r  20 minutes a t room temperature and then wrapped in  
Saran-Wrap. The in te n s ity  o f the ra d io a c tiv e  s igna l on the f i l t e r  was 
then checked w ith  a G e iger c o u n te r . T h is  was then  p la ce d  in  an 
a u to ra d io g ra p h y  c a s s e tte  w ith  a s h e e t o f  Kodak Xomat S1 and an 
in te n s ify in g  screen, and incubated a t -70°C fo r  from 1 hour to  2 
weeks, depending on the in te n s ity  o f the ra d io a c tive  s igna l on the 
f i I t e r .
Low s tringency  h y b r id is a t io n : Th is was as high s tringency  except th a t 
a d if fe re n t  h y b r id is a tio n  b u ffe r  was used, and incuba tion  was a t a 
lower temperature. The b u ffe r  used (from  DeFeo-Jones e t a l , 1983) 
was 5x SSPE, 0.1% SDS, %x D en h a rd t’ s s o lu t io n ,  40% d e io n is e d  
formamide and 5% (w /v) dextran su lpha te . 5mg/ml denatured son icated 
salmon sperm was added to  the p re h y b r id is a tio n  b u ffe r . H y b rid is a tio n  
was ca rr ie d  out a t 42°C fo r  >18 hours. F i l te r s  were washed s e r ia l ly ,  
fo r  20 minutes in  co n d itio n s  o f decreasing s tr in g en cy : 2x SSC, 0.1% 
SDS, then 1x SSC, 0.1% SDS, and then 0.5x SSC, 0.1% SDS a t 22°C, and 
then the same 3 washes a t 42°C (DeFeo-Jones e t a l,  1983).
Enhanced chem ilum inescence probe (E C L): T h is  system  in v o lv e s  th e  
e le c t ro s ta t ic  b ind ing o f horseradish peroxidase (HRP), complexed w ith  
a c a t io n ic  polym er, to  a n io n ic  s in g le  s tra n d e d  DNA. A d d it io n  o f  
g lu tara ldehyde then re s u lts  in  cova len t c ro ss -lin ka ge  o f enzyme to  
probe. This is  then hyb rid ised  to  DNA p re v io u s ly  Southern b lo tte d  onto 
a nylon membrane. Probe de tec tion  invo lves incuba tion  w ith  hydrogen 
p e ro x id e , coupled to  an o x id a t io n  re a c t io n  in v o lv in g  th e  c y c l i c
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hydrazide lum ino l, which produces b lue l ig h t .  L ig h t p roduction  by th is  
re a c tion  is  enhanced by a d d itio n  o f a s y n th e tic  component o f  the  
f i r e f l y  b io lum inescent system, D - lu c ife r in  (Whitehead e t a l , 1983), 
and can be detected using Xomat f i lm  w ith  exposure tim es o f  2-60 
m inutes.
Reactions were c a rr ie d  out according to  the in s tru c t io n s  o f  the 
manufacturer o f  the ECL k i t  (Amersham). Added to  200-500ng o f  s in g le  
stranded l in e a r  DNA in .2 0 u l.p f  dH20 was 20ul o f  HRP s o lu t io n , and then 
20ul g lu ta ra ldehyde . Labelled probe may be stored in  50% g ly c e ro l a t -  
20°C fo r  long periods. H y b rid is a tio n  is  then c a rr ie d  out a t 42°C in  
a b u f f e r  s u p p l ie d  by Amersham. F o r h y b r id i s a t io n  t im e ,  see 
ra d io la b e lle d  probe. F i l te r s  were then washed tw ice , fo r  20 m inutes a t 
42°C in  prim ary wash b u ffe r  (urea, 360g; SDS, 4g; 20x SSC, 25ml, made 
up to  1 l i t r e ) ,  and then tw ice  in  secondary wash b u ffe r  (2 x SSC). 
F i l te r s  were then incubated fo r  1 m inute in  the lu m in o l/D - lu c ife r in  
d e te c t io n  s o lu t io n  (Amersham), d ra in e d ,  wrapped in  SaranW rap and 
placed in  a f i lm  cassette  w ith  a sheet o f Xomat f i lm .  A 5 m inute te s t  
exposure was ca rr ie d  o u t, then, based on the re s u lts  o f th a t ,  a second 
exposure, u su a lly  between 10 and 60 m inutes.
2.15 E lec trophores is  Through Gels
DNA: Agarose ge ls  o f  1%, 0 . 8% and 0.4% were used here  f o r  th e  
s e p a ra tio n  o f  DNA m o lecu les. DNA was made v i s ib le  by u l t r a v i o l e t  
fluorescence a f te r  s ta in in g  w ith  E tBr. The EtBr was e ith e r  added to  
the agarose a t a f in a l  concen tra tion  o f  0 . 2ug/m l, o r a f te r  running , 
the gel was soaked in  1x running b u ffe r  p lus 0.6ug u l/m l EtBr. Agarose 
powder was d isso lved a t 100°C in  1x running b u ffe r  (e ith e r  1x TAE o r 
1x TBE). The molten agarose was cooled to  55°C before being poured 
in to  a h o rizo n ta l gel former using an approp ria te  te f lo n  w e ll- fo rm e r, 
o r comb. A fte r  s e tt in g  the gel was tra n s fe rre d  to  a gel running tank , 
and submerged w ith  running b u ffe r . A f te r  loading the samples the gel 
was run a t 40-150 v o lts  g iv in g  a running tim e o f 3-12 hours.
Gels were photographed w ith  UV tra n s illu m in a tio n  (wavelength: 240nm) 
using a P o laro id  camera loaded w ith  P o la ro id  4x5 Land Film  (no. 57) o r 
a Pentax 35mm SLR loaded w ith  I l f o r d  HP5 f i lm ;  both were f i t t e d  w ith  a 
Kodak Wratten F i l t e r  No.9 (re d ).
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RNA: RNA, s to re d  as a suspension o f  a p r e c ip i t a t e  a t  -2 0 °C , was 
a liq u o te d  in to  Eppendorf tubes and p e lle te d  by c e n tr i fu a t io n  in  a 
m ic ro fuge  f o r  15 m inu tes . The p e l le t s  were then  d r ie d  by vac uum 
d ess ica tion  fo r  10 m inutes. The p e lle ts  were then resuspended in  25ul 
o f  MMF b u ffe r  and incubated a t 60°C fo r  15 m inutes. A f te r  10u 1 o f 
Formaldehyde Gel Loading B u ffe r had been added, the samples were ready 
to  be loaded.
Formaldehyde gels were prepared by m e ltin g  4.5g agarose in  300mls 1x 
MOPS b u ffe r . Upon coo ling  to  60°C, 48.6mls o f  the agarose s o lu t io n  was 
removed and rep laced  w ith  an equal volum e o f  fo rm a ld e h y d e . The 
s o lu tio n  was then poured in to  the gel form er and a comb put in  p lace . 
A fte r  s e tt in g  (20 m inu tes), the  gel was covered w ith  running b u ffe r  
(1x MOPS), the comb removed and the samples loaded. The gel was run a t 
100-150 v o lts  fo r  6-8 hours , th e  ru n n in g  b u f fe r  b e in g  c i r c u la t e d  
through the system by means o f a p e r is t a l t ic  pump.
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CHAPTER 3
Autonomous re p lic a t io n  o f  plasmids in  A s p e rg illu s
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In tro d u c tio n
The search fo r  autonomously re p lic a t in g  sequences (ARSes)
A t present m olecular gene tic  techniques in v o lv in g  tra n s fo rm a tio n  o f 
Ascomycete filam entous fung i u t i l i s e  plasmid s h u tt le  vec to rs  which 
trans fo rm  by in te g ra tin g  in to  the chromosome o f the re c ip ie n t fungal 
s tra in *  This is  tru e  fo r  A .n idu lans (B a llance  e t a l,  1983; T ilb u rn  e t 
a l ,  1984), A .n ig e r (Buxton e t a l,  1985; K e lly  e t a l ,  1985) A.orvzae 
(Hahm and B a tt, 1987), Neurospora crassa (Case e t a l ,  1979), Podospora 
anserina (Debuchy and Brygoo, 1984), P e n ic iI l iu m  chrvsogenum (B u ll e t 
a l ,  1988) and Cephalosporium acremonium (Queener e t a l ,  1985).
Of the various attem pts to  develop autonomously re p lic a t in g  plasmid 
vec to rs  fo r  the filam entous fu ng i the common s tra te g y  has been to  t r y  
to  d e fin e  a sequence o f DNA which, s p lic e d  in to  an in te g ra t iv e  plasmid 
ve c to r, would confer upon i t  the a b i l i t y  to  re p lic a te  autonomously
w ith in  th e  fungus. I t  was expected  t h a t  such an a u tonom ous ly  
re p lic a t in g  sequence (ARS) would fu n c tio n  as an o ri., but a lso  perhaps
possess secondary fu n c tio n s  e .g . a f fe c t in g  plasmid p a r t i t io n in g
during  nuclear d iv is io n , o r s t im u la t in g  recom bination, o r copy number 
a m p lif ic a t io n .
There are a number o f p o te n tia l sources o f ARSes: chromosomal DNA, 
mt genomic DNA, mt plasmid DNA, indigenous nuclear plasm id DNA o r 
v i r a l  DNA. In  each case the source species could be the  same o r 
d if fe r e n t  to  the species to  be transform ed. An a d d itio n a l approach is  
th e  use o f o th e r chromosomal com ponents: e .g .  c e n tro m e r ic  and 
te lo m e ric  DNA sequences.
ARSes from indigenous nuclear plasmids
The autonomously re p lic a t in g  yeast episoma1 plasmid (YEp) s h u tt le  
vec to rs  are based on the n a tu ra lly  o ccu rrin g  2uM c ir c le  plasmid o f
S accharom yces c e r e v is ia e . The f i r s t  such  p la s m id  v e c to r  was 
constructed  by Beggs (1978) who cloned a b a c te r ia l p lasm id, pMB9, and 
the  yeast Teu2 gene, in to  the 2uM c i r c le .  2uM c i r c le - l ik e  nuc lear 
plasmids have been found in  o the r yeasts e .g . Schizosaccharomvces 
pombe (G uidice e t al , 1979), Saccharomyces ro u x ii (Toh-e e t a l , 1982), 
Kluvveromvces drosophilarum (Chen e t a l ,  1986), and the d im orph ic 
yeas t Candida a lb ic a n s  (K u rtz  e t  a l ,  1987)., b u t in  none o f  th e  
filam entous fu n g i. No ARS a c t iv i t y  o f  yeast 2uM DNA in  filam en tous
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fun g i has been reported.
ARSes from chromosomal DNA
A fragment o f yeast chromosomal DNA was is o la te d  by Stinchcomb e t a l 
(1979) as an in s e r t which conferred a 100x increase in  tra n s fo rm a tio n  
frequency over the parent in te g ra t iv e  ve c to r , YIp5. Th is fragm ent was 
be lieved to  ca rry  a yeast chromosomal o r ig in  o f  DNA re p lic a t io n  and 
was designated a rs l.  Sequences a c tin g  as ARSes in  yeast were a lso  
is o la te d  from  DNA o f f iv e  o th e r  e u k a ry o te s , in c lu d in g  D ro s o p h i1 a 
melanogaster (Stinchcomb e t a l ,  1980). Whether these correspond to  
o r ig in s  o f  re p lic a t io n  in  the source species is  unknown.
The re s u lts  o f  Ballance and Turner (1985) suggest o the rw ise : over 
100 A .n id u la n s  sequences were is o la te d  w h ich  ac ted  as ARSes in  
S .c e re v is ia e . None o f these were found to  do so in  A .n id u la n s . Th is 
in d ic a te s  th a t the DNA sequences recognised as re p lic a t io n  o r ig in s  by 
the two species may be d if fe re n t .  I t  a lso  in d ica te s  th a t ARS a c t iv i t y  
should be tes ted  in  the species in  which i t  is  hoped u lt im a te ly  to  
u t i l i s e  the ARS bearing plasmid. Th is was the s tra te g y  used by Buxton 
and Radford (1984), and by Johnstone (1985a, see below).
Although none o f the A .n idu lans DNA sequences iso la te d  by Ballance 
and Turner which acted as ARSes in  yeast d id  so in  A .n id u la n s , one 
3 .5-kb  A .n idu lans DNA fragment was found to  b rin g  about a 50 -  100- 
fo ld  increase in  trans fo rm a tion  frequenc ies . Designated ansi.> i t  was 
found to  be m ito t ic a l ly  s tab le  in  transfo rm ants w ith o u t s e le c t iv e  
pressure being maintained, suggesting in te g ra tio n  o f trans fo rm ing  DNA. 
This was confirmed by Southern b lo t  a n a lys is  o f u n re s tr ic te d  DNA o f 
A sperg i 11 us tra n s fo rm a n ts  w ith  a ns i , where no band w h ich  m ig h t 
correspond to  plasmid running se para te ly  from chromosomal DNA was 
observed (Ballance and Turner, unpublished o bse rva tion s), ansi was 
a lso  found to  have m u lt ip le  regions o f homology in  the A .n idu lans  
genome, but i t  has been shown th a t enhanced tran s fo rm a tion  e f f ic ie n c y  
.is not the  re s u lt o f in te g ra tio n  a t these s ite s  TC ullen e t a l ,  1987b). 
I t  remains unclear whether the p ro p e rtie s  o f  ansi r e f le c t  a l im ite d  
a b i l i t y  to  re p lic a te  autonomously which could s tim u la te  in te g ra t iv e  
tran s fo rm a tion  by a llow ing  increased tim e fo r  i t  to  happen, o r
w hether i t  co n ta in s  a sequence w h ich  p rom otes re c o m b in a tio n  and 
in te g ra tio n , ansi shows s im ila r  enhancement o f the tra n s fo rm a tion , 
frequency o f P e n ic iIliu m  chrysogenum (C antora l e t a l,  1987).
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I t  has been ca lcu la te d  th a t ARSes are present on chromosomal DNA 
every 32 kb in  S .ce re v is ia e  (Chan and Tye, 1980) and th a t sequences 
a c tin g  as ARSes in  S .ce re v is ia e  are present every 19 kb o f S. pombe DNA 
(M aund re ll e t  a l , 1985), and eve ry  15 kb o f  D .m e !a n o g a s te r DNA 
(Stinchcomb e t a l ,  1980). I t  was a l i t t l e  s u rp r is in g  then, th a t when 
Buxton and Radford (1984) screened 700 cloned N.crassa DNA sequences 
o f between 1.2 and 6.8 kb (1,400 kb in  a l l )  f o r  sequences a c tin g  as 
ARSes in  N .crassa. none were found. Buxton and Radford argued th a t 
presence o f an o r i on a plasmid m ight not be s u f f ic ie n t  fo r  ARS 
a c t iv i t y  in  a filam en tous fungus. I t  was observed th a t a t each m ito t ic  
d iv is io n  the p ro b a b il i ty  o f loss o f an ARS-containing plasmid in  yeast 
is  30-60% per d iv is io n  under s e le c t iv e  c o n d itio n s . Thus i t  is  on ly  
powerful s e le c tio n  aga inst the c e lls  th a t have lo s t  the plasmid th a t 
m ain ta ins the le ve l o f  plasmid co n ta in in g  c e l ls  in  the p opu la tion . I t  
was argued th a t in  the m u lti nucleate hyphal compartments c ross-feed ing  
o f  un transform ed by trans fo rm ed  n u c le i w ou ld  e f f e c t i v e l y  reduce 
s e le c t iv e  pressure aga inst the  form er. Th is combined w ith  plasmid 
in s t a b i l i t y  would re s u lt  in  con tinua l re duc tion  in  the  p ropo rtio n  o f 
transform ed n u c le i, u n t i l  e ve n tu a lly  the transfo rm ant colony would 
cease to  grow. Thus, tra ns fo rm a tion  o f any coenocytic  organism such as 
N e u ro s p o ra  w ith  an u n s ta b ly  m a in ta in e d  ARS p la s m id  is  an 
im p o s s ib il i ty .  A lte rn a t iv e ly ,  Neurospora ARS sequences may be longer 
than 6 kb, o r may no t be c lo n e a b le  in  E. c o l i due to  sequence 
p e c u l ia r i t ie s .
The argument o f  Buxton and Radford was thrown in to  doubt by the 
subsequent fo r tu ito u s  d iscove ries  o f  ARSes a c tiv e  in  va rious o the r 
fu n g i. In  the zygomycete Mucor c ir c in e l lo id e s  an ARS was discovered 
when c lon ing  the M .c irc in e llo id e s  gene le u  (van Heeswijck e t a l , 1982; 
Roncero e t a l,  1989). The 4 .4 -kb  P s tI fragment con ta in ing  the gene 
a lso  contained an ARS. S im ila r  acc idents  led to  the d iscovery o f 
ARSes in  the basidiomycetes U s tila g o  mavdis (Tsukuda e t a l , 1988) and 
Phanerochaete chrysospohum (Randall and Reddy, 1991).
A d if fe re n t  hypothesis to  exp la in , why an o r i  m ight not act as an ARS 
in  some species o f fung i was put forw ard by Begueret (1989). I t  was 
found th a t a d d itio n  o f telomeres from Tetrahvmena therm oohila  to  
the ends o f a plasmid which norm ally transform ed Podospora anserina 
by in te g ra tio n , re su lted  in  an autonomously re p lic a t in g  l in e a r  plasmid 
(P e r ro t  e t a l ,  1987). Begueret suggested  th a t  l in e a r ,  b u t n o t 
c ir c u la r  plasmids may be able to  re p lic a te  in  Podospora. due to  the
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lack  o f  an enzyme (e .g . a topoisomerase) necessary fo r  re p lic a t io n  o f  
c ir c u la r  DNA.
ARSes from mitochondrial DNA
Hyman e t a l (1983) has shown th a t sequences occur every 1.7-kb around 
the  yeast mt genome which, when cloned in to  YIp5 ac t as ARSes in  
S .c e re v is ia e . Parts o f the A .n idu lans mt genome have been cloned in to  
A .n idu lans ve c to rs  and do not show ARS behaviour in  A .n idu lans (Turner 
and B a llance, 1985b).
I t  has been reported th a t sequences from a mt plasmid from Podospora 
a n se rin a  a c t as ARSes in  th a t  s p e c ie s  (S ta h l e t  a l ,  1 9 8 2 ), and 
lik e w is e , th a t sequences from a mt plasm id from Neurospora interm edia  
d id  so in  N.crassa (S tohl and Lambowitz, 1983; S tohl e t a l ,  1984). 
However, these re s u lts  have not been confirm ed, and are now w ide ly  
regarded as erroneous.
ARSes from other sources
I t  has been shown th a t in te g ra tio n  o f  the  S .ce re v is ia e  centromere 
CEN11 in to  th e  A .n id u la n s  chromosome does n o t d is r u p t  norm al 
chromosome s e p a ra tio n  d u rin g  m ito s is  (B o y la n  e t  a l ,  1986 ). T h is  
in d ic a te s  th a t CEN11 does not fu n c tio n  as a centromere in  A .n id u la n s . 
and th a t  the  DNA sequences reco gn ise d  as ce n tro m e re s  by th e  two 
species d i f f e r .  I t  has subsequently been shown th a t the centromeres o f 
S.pombe d i f f e r  w ide ly  from those o f S .ce re v is ia e  (C larke , 1990).
A lthough  the  e x is te n ce  o f dsDNA m ycovi ruse s  o f  some s p e c ie s  o f  
A s p e rg iH u s  has been known fo r  some t im e , to  d a te  no a tte m p t to  
is o la te  ARSes from v ir a l  DNA has been reported .
Iso la tio n  of plasmid ARp1 from an A.nidulans transformant
Johnstone (1985a) employed a s tra te g y  s im ila r  to  th a t o f Buxton and 
Radford (described above) to  is o la te  an A .n idu lan s  ARS. In  the process 
o f c lon in g  the A .n idu lans gene b rlA  by tra n s fo rm a tion  o f a b r lA 42 
mutant s tra in  w ith  an A .n idu lans gene l ib r a r y  (constructed  in  the 
in te g r a t iv e  p lasm id v e c to r  p ILJ16 ) i t  was observed  th a t  a sm a ll 
p ro p o rtio n  o f transform ed co lon ies grew more s low ly  than the o th e rs , 
and had a ragged , heterokaryon-1ike morphology. Johnstone argued th a t 
trans fo rm a tion  w ith  an autonomously re p lic a t in g  plasmid could re s u lt
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in  a re d u c tio n  o f  tra n s fo rm a n t s t a b i l i t y  compared w ith  t h a t  o f  
in te g r a t iv e  tra n s fo rm a n ts  w hich m ig h t be r e f le c te d  in  c o lo n y  
morphology. I t  was a lso  argued th a t such plasm ids would transfo rm  w ith  
a h igher frequency than In te g ra tiv e  ones, and hence transfo rm ants 
c o n ta in in g  ARS p la s m id s  w ou ld  be o v e r - r e p r e s e n te d  among th e  
p o p u la t io n .  F i n a l l y ,  g iv e n  t h a t  such  t r a n s fo r m a n ts  c o n ta in  
un in teg ra ted  plasm id, i t  would be po ss ib le  to  re is o la te  the plasmid 
in to  E .c o li by trans fo rm a tion  w ith  uncut A s p e rg illu s  transfo rm ant DNA.
That th is  was the cause o f the m orphological abno rm a litie s  observed 
was confirmed by the re is o la t io n  o f  an 11.5 kb plasmid from one o f 
th re e  slow  grow ing c o lo n ie s  p icke d  fro m  among a t o t a l  o f  2x 104 
transfo rm ants . The p ro p e rtie s  o f th is  plasmid ind ica te d  th a t i t  m ight 
con ta in  an ARS.
C ha ra c te risa tio n  o f  ARp1
A p re lim in a ry  ch a ra c te r is a tio n  o f  th is  plasmid by Johnstone (1985a; 
1985b, re fe rre d  to  the re  as pUATBD y ie ld e d  the  fo llo w in g  re s u lts :
a) I t  trans fo rm ed  A .n id u la n s  w ith  a fre q u e n c y  o f  3 ,0 0 0 -5 ,0 0 0  
t r a n s fo r m a n ts /u g  DNA, an a p p r o x im a te ly  1 0 - fo ld  in c re a s e  in  
tra n s fo rm a tion  e f f ic ie n c y  over the parent plasmid pILJ16.
b) Transformants had a somewhat ragged, he te rokaryon-1 ike  appearance 
which was taken to  be the re s u lt  o f plasmid in s t a b i l i t y  -  hence the 
o r ig in a l des igna tion , pUATBI: Unstable Appearance o f Jransform ant. The 
plasmid was subsequently redesignated ARp1 (A s p e rg illu s  R e p lic a tiv e  
p lasm id, Gems e t a l,  1991).
c) ARp1 was m ito t ic a l ly  unstab le: 52-88% o f c o n id ia l progeny o f ARG+ 
ARp1 transform ants were ARG- .
d) Southern ana lys is  o f  uncut ARp1 trans fo rm an t DNA c le a r ly  showed the  
presence o f fre e  plasm id, but whether o r not some plasmid sequence had 
in te g ra te d  in to  the chromosome was unc lea r.
e) R e s tr ic t io n  mapping o f the DNA in s e r t  in  the  parent plasmid moiety 
o f  ARp1 showed th a t  i t  c o n s is te d  o f  tw o in v e r te d  re p e a ts  o f  
approxim ate ly 3 kb each, w ith  a unique c e n tra l region (F ig . 3 .1 ) .  The 
in s e r t was designated AMA1 (Autonomous Maintenance in  A s p e rg il lu s ) .  
One strand o f the ce n tra l 470bp o f the in s e r t  was sequenced and found 
to  co n s is t o f a 376 bp ce n tra l unique reg ion and two d is ta l  47 bp 
inve rted  repeats.
f )  Southern a n a ly s is  o f  r e s t r ic te d  A. n id u la n s  DNA p ro b in g  w ith  
sequences from AMA1 suggest t h a t ' the in ve rte d  repeat s tru c tu re  was
also present in  the chromosome as p a rt o f  a la rg e r  repeat -  perhaps as 
la rge  as 10 kb. In  a d d itio n  i t  was thought th a t  a fu r th e r  copy o f one 
arm o f the  repeat was present.
From these re s u lts  Johnstone was not able to  d is t in g u is h  whether a) 
ARp1 co n ta in e d  an ARS and was r e p l i c a t in g  au tonom ou s ly  in  th e  
transfo rm ants , o r b ), i t  contained a recombinogenic sequence s im ila r  
to  ansi which s tim u la ted  in te g ra tio n , but a lso  gene a m p lif ic a tio n  and 
e xc is io n . The presence o f the la t t e r  would e q u a lly  w e ll e xp la in  the 
in s t a b i l i t y  o f the transfo rm ant phenotype and the un in teg ra ted  copies 
o f  ARp1 seen on Southern b lo ts .
Research aims
The basic aims o f the  work to  be described in  th is  se c tio n  were a) to  
d iscern  whether AMA1 conta ins an ARS o r a recombinogenic sequence, b) 
I f  the re  is  an ARS, to  loca te  i t  w ith in  AMA1 and c) to  co n s tru c t a 
plasmid vec to r s u ita b le  fo r  gene bank c o n s tru c tio n  by subcloning a 
fragment o f AMA1 con ta in ing  the ARS. F in a lly ,  d) to  a sce rta in  whether 
AMA1 shows s im ila r  a c t iv i t y  in  species re la te d  to  A .n idu lans such as 
A.oryzae and A .n ig e r . Both these species have long been used fo r  food 
p roduction , e .g . o f soy sauce, k o ji and c i t r i c  ac id  (Wood, 1977; Berry 
e t a l,  1977), and re ce n tly  have been used fo r  heterologous expression 
o f genes w ith  sa leab le  products, e .g . bovine chymosin, Rhizomucor 
derived a sp a rtic  p ro te inase , and som atosta tin  (C u llen  e t a l,  1988; 
Christensen e t a l,  1988; R.W. Davies, pers. comm.).
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Table 3.1 . A summary o f  ARp1 r e s t r ic t io n  d ig e s t products as d e rive d  
from the  gel presented in  F ig . 3 .2 .
Sizes were estimated using lambda Hind l l l /  EcoRI s ize standards,  and 
are given in kb.
R e s tr ic t io n  sum o f
enzyme(s) Estimated fragm ent s ize s  fra g s .
Cl a l 8.5, 3.1 11.6
Smal 5.7, 5.7, 0.14 11.54
Nrul 10.5, 1.1 11.6
Xhol 10.2, 0.7, 0.47 11.37
S a i l 4.7, 2.9, 2.4, 1. 25 10.95
X h o l /S s t l 3.9, 2.1, 2.1, 0. 5, 0.47, 0.29 10.51
2 3 4 5 6 7 8
21.80
0.84
0.54
Figure 3.2. R e s tr ic t io n  d ig e s ts  o f plasm id ARp1.
1% agarose gel.  Sizes o f  lambda Hind l l l / EcoRI markers are given in  kb. 
Digests are as fo l lows:
Lane 1) Lambda H i n d l l l /  EcoRI, 2) -  8) are ARp1 d iges ts :  2) C la l ,  3) 
Smal, 4) Nrul,  51 Xhol, 6) S a i l ,  71 Ss t1 , 8) X h o l /S s t l .
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Table 3 .2 . A summary o f  th e  t ra n s fo rm a t io n  fre q u e n c ie s  o f  22 
tra n s fo rm a tion s  o f  A .n idu lans w ith  ARp1.
Approxim ately 1ug o f plasmid DNA was used per 106 p ro to p la s ts .
Number o f  tra n s fo rm a n ts /
106 p ro to p la s ts
S tra in ARp1 PILJ16 pTA11 ARp/AIf
G34 30,000
G34 20,000 - -
G34 65,000 - - -
G34 11,000 1.6 - 6,875
G34 200 1.4 143
G34 250 6 - 42
G124 5,000 - - -
DHG135 100 - 1 100
DHG135 140 - 2.1 67
DHG135 1,080 - 0 >1,080
AJC9.4 110 - - -
AJC9.4 220 - - -
AJC9.4 2,400 10 - 240
DHG019 16,000 - 50 320
DHG019 2,000 - - -
DHG019 700 - 138 5
DHG019 200 - - -
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Figure 3 .3 . Histogram showing v a r ia t io n  in  frequency o f  tra n s fo rm a tio n  
o f  A .n idu lans by ARp1.
The r i g h t  hand g ro u p  o f  r e s u l t s  a re  ta k e n  as r e f l e c t i n g  
transfo rm a tions ca rr ie d  out under optimum co n d itio n s . The average o f 
these la t t e r  is  about 20,000 transform ants per 106 p ro to p la s ts .
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4.
R esults
3.1 R e s tr ic t io n  a n a lys is  o f  ARp1
R e s tr ic t io n  mapping o f  ARp1 was i n i t i a l l y  c a rr ie d  ou t by Johnstone 
(1985a). Further re s t r ic t io n  mapping was . c a rr ie d  ou t in  order to  
id e n t i fy  r e s t r ic t io n  enzymes c leav ing  AMA1 but not pILJ16 sequences. 
Plasmids pILJ16 and ARp1 (F ig . 3 .2 ) were incubated w ith  a v a r ie ty  o f 
6- c u t te r  r e s t r ic t io n  endonucleases, and then sub jected to  AGE. Those 
enzymes which cu t on ly  w ith in  the AMA1 reg ion were used fo r  fu r th e r  
r e s t r ic t io n  mapping. The re s u lts  are presented in  F ig . 3.1 and 3 .2 , 
and Table 3 .1 . A l l  r e s t r ic t io n  s ite s  not mentioned in  the te x t ,  but 
shown in  F ig . 3.1 were mapped by Johnstone.
Kpnl, Mlul  and A f l l l  d id  not cu t ARp1. C lal  cu ts  ARp1 tw ice , 
producing an 8 .4 -kb  and a 3.1—kb fragm ent. N ru l lik e w is e  cu ts  tw ice , 
producing a 10.5-kb and a 1.0-kb fragm ent. Since AMA1 is  pa lind rom ic  
(Johnstone , 1985a) these  p a tte rn s  m ust c o rre s p o n d  to  p a ir s  o f  
r e s t r ic t io n  s ite s  a t id e n tic a l lo ca tio n s  on each arm o f the inve rted  
repeat, e q u id is ta n t from the middle o f  AMA1. Xhol  d ig e s tio n  produces 
3 fragments o f  s ize  10.4 kb, 0.7 kb, and 0 .4  kb, suggesting one 
p a ir  o f r e s t r ic t io n  s ite s  0.6 kb from the cen tre  o f  AMA1 and a th i r d  
s i te  w ith in  the in s e r t ,  about 0.1 kb o f f  ce n tre , towards the argB end 
o f AMA1. This is  confirmed by the presence o f an Xhol  s i te  in  the 
sequence o f the ce n tra l unique 376bp (Johnstone 1985a), 117—123bp from 
the cen tre . Smal  d iges tio ns  produced th re e  fragments o f  5.7 kb, 5 .6  
kb, and 0.2 kb. There is  a Smal s i te  in  the pUC8 p o ly lin k e r . The o th e r 
two s ite s  must be located 2.9 kb from the cen tre  o f  AMA1, a t about the  
same p o s it io n  as the p a ir  o f S s tI s ite s  loca ted  0.2 kb from the d is ta l 
ends o f AMA1.
3.2.1 E ff ic ie n c y  o f  trans fo rm a tion  w ith  ARp1
Johnstone (1985a) showed th a t ARpI transform ed A .n idu lans s tra in  G324 
(yA2; wA3; ivoA63 sC12 methH2 argB2 ga lA ) a t a frequency o f  3 ,000-
5,000 transfo rm ants per ug ARp1 DNA. In  22 tra n s fo rm a tio n s  c a rr ie d  out 
here w ith  a v a r ie ty  o f  s t ra in s  o f  A. n id u la n s  a w ide  v a r ie t y  o f  
frequencies were observed (Table 3 .2 ) . F ig . 3.3 shows a histogram  
showing the v a r ia t io n  in  frequencies. There are two peaks. The r ig h t
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Figure 3 .4 . V a ria tio n  o f  frequency o f  tra ns fo rm a tion  o f  A s p e rg illu s  
w ith  mass o f  ARp1 added.
S t r a in s  G34 was t ra n s fo rm e d  fro m  a r^ B ”  to  a rg B * w ith  ARp1. 
Approxim ately 10 p ro to p la s ts  were used to  determ ine each p o in t. A l l  
trans fo rm ing  DNAs were made up to  30ul w ith  TE before being added to  
p ro to p la s ts . Note th a t the trans fo rm ing  frequencies obtained in  th is  
experim ent were somewhat h igher than usual.
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hand peak, which presumably represents tra n s fo rm a tion s  which occurred 
under optim al c o n d itio n s , taken by i t s e l f  corresponds to  an average 
tra n s fo rm a tio n  frequency  o f  about 20,000  t ra n s fo rm a n ts  pe r 106 
p ro to p la s ts . The l e f t  hand peak presumably corresponds to  non-optimal 
c o n d itio n s . The causes o f the reduced tra n s fo rm a tion  frequencies are 
unc lea r, but poss ib le  exp lana tions are fa i lu r e  to  com plete ly remove 
NovoZym (w hich co n ta in s  DNase) from  p r o to p la s t  p r e p a r a t io n s , o r  
contam ination o f  glassware w ith  de te rgen t, o r  o f plasmid DNA w ith  
EtBr, both o f  which could re s u lt  in  p ro to p la s t death.
In  one experiment, frequency o f tra n s fo rm a tio n  per 106 p ro to p la s ts  
was p lo t t e d  a g a in s t  th e  q u a n t i t y  o f  p la s m id  DNA used p e r 
trans fo rm a tion  (F ig . 3 .4 ). Transform ation rose sharp ly  up to  200-300
e
ng o f plasmid DNA per 10° p ro to p la s ts , then increased more g ra du a lly  
a t a ra te  o f about 60 transform ants per ng o f transfo rm ing  DNA. The 
re s u lts  o f two id e n tic a l tran s fo rm a tions  performed a t the same tim e 
were averaged to  give each p o in t on the graph.
In  trans fo rm a tions  Johnstone added about 3 ug plasmid DNA to  about
7 fi3x10 p ro to p la s ts .  T h is  co rresponds to  a b ou t 100 ng DNA p e r 10 
p ro to p la s ts : near to  the s a tu ra tin g  le v e l o f  ARp1. I f  i t  is  assumed 
th a t the s a tu ra tio n  p o in t fo r  Alp and ARp plasmids are s im ila r ,  then 
i t  can be said th a t since pILJ16 gives a frequency o f  80 transform ants
fiper 10 p ro to p la s ts , ARp1 tran s fo rm a tion  occurs w ith  a 20,000/80 = 
250 -fo ld  g rea te r e f f ic ie n c y  than pILJ16.
fi20,000 tra n s fo rm a n ts  per 10 p r o to p la s ts  u s in g  200 ng o f  DNA
ficorresponds to  100,000 transform ants per 10 p ro to p la s ts  per ug DNA. 
In  o rder to  r e a l is t ic a l ly  r e f le c t  the numbers o f transform ants seen 
the convention o f expressing tran s fo rm a tion  frequency per ug o f DNA 
has been replaced by expression o f the frequency a t near s a tu ra tio n  
le v e ls  o f  DNA per 106 protop la s ts , ^  'tteeur <$ a ftLm .fi n a  le v f t ts  o f  
0 N f \  d e f i n e d  clS a-p(?fOx. 300n,g OM/l .
..G iven th a t on ly  10-15% o f p ro to p la s ts  are capable o f regenerating  
(Johnstone 1985a) 20,000 transform ants per 106 p ro to p la s ts  represents 
a tran s fo rm a tion  frequency o f 13-20% o f a l l  v ia b le  p ro to p la s ts . Th is 
f ig u re  may be even h igher i f  PEG induced p ro to p la s t fus ion  is  taken 
in to  account.
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Figure 3 .5 . Reduction in  m ito t ic  in s t a b i l i t y  o f  ARp1 transform ants o f  
A s p e rg illu s  re s u lt in g  from subcu ltu re .
An ARG+ ARp1 transform ant o f  s t ra in  G34 was subcultured through 12 
cyc les  o f  asexual reproduction and the p ro po rtion  o f ARG+ progeny 
counted a t each generation. Conidia were p la ted  on CM (on which ARG+ 
and ARG~ co lon ies may be d is tin g u is h e d ) a t a dens ity  o f about 50 
co lo n ies  per p la te . ARG+ co lon ies  were used to  inocu la te  fresh  p la te s , 
and so on. Note the  increase  in  s t a b i l i t y  w h ich  o ccu rs  between 
genera tions 3 and 6.
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3.2.2 S ta b il ity  o f transformants with ARp1: asexual reproduction
Johnstone (1985a) showed th a t ARp1 transform ed co lon ies  grown under 
co n d itio n s  s e le c tiv e  fo r  ARG+ gave co n id ia  52-88% o f which were ARG” . 
Here an ARG+ ARp1 transfo rm ant o f A .n idu lans  s tra in  G34 was s e r ia l ly  
subcu ltu red , and the p ro p o rtio n  o f ARG+ c o n id ia l progeny measured a t 
each genera tion , through 12 generations (F ig ; 3 .5 ) . CM was used, which 
c o n ta in s  a subop tim a l c o n c e n tra t io n  o f  a r g in in e ,  such th a t  ARG”  
s tra in s  may grow but do not con id i a te . Thus ARG+ and ARG”  s tra in s  are 
e a s ily  d is t in g u is h a b le .  (CM was used b o th  f o r  s u b c u ltu re  and 
screen ing ). I t  was found th a t the ARG+ phenotype remained unstab le 
th roughout. The p ro p o rtio n  o f  the ARG+ progeny began a t 35%, but a f te r  
s ix  generations increased to  53% (F ig . 3 .5 ) . Th is m ight re f le c t  an 
a lte ra t io n  o f the plasmid s tru c tu re  re s u lt in g  in  increased s t a b i l i t y .  
The susta ined in s t a b i l i t y  o f  the transfom ant phenotype in  asexual 
progeny suggests th a t in te g ra tio n  o f ARp1 does not re a d ily  occur.
*
DNA was prepared from one ARG”  colony from among progeny o f a ARp1 
transfo rm ant. Southern b lo t  ana lys is  o f  th is  DNA showed th a t no pUC8 
sequences were present, im ply ing  th a t ARp1 had been lo s t  (data not 
shown).
3.3 Transmission o f ARp1 through the sexual cycle
Two c le is to th e c ia  were picked from a cross between A .n idu lans s tra in s  
AJC9.4 ( pabaAl : argB2: b r lA 42 ivoB63) and an ARG+ ARp1 transfo rm ant o f 
s tra in  G34 (yA2:argB2 methH2). Ascospores were p la ted  on CM, on which 
ARG+ and ARG”  co lon ies  can be e a s ily  d is tin g u is h e d  (see Section 3 .3 ) .
P la tes were incubated a t 30°C to  a llow  c o n id ia t io n  o f b r lA 42 s tra in s .
Of 220 ascospores from the f i r s t  hyb rid  c le is to th e c iu m , 29.5% gave 
r is e  to  ARG+ co lo n ies , and o f 375 from the second, 61.3% gave r is e  to
ARG+ co lo n ies . This in d ica te s  th a t ARp1 can be tra n sm itte d  through the
sexual cyc le .
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3.4  Linkage a n a lys is  o f  argB+ in  ARp1 trans fo rm ants
From one of the master strains of McCully and Forbes (1965) an argB2 
derivative, DHG001, was constructed. Diploids were formed from four 
ARG+ ARp1 transformants of A.nidulans strain AJC9.4 and DHG001, and 
the products of mitotic haplpidisation were characterised. Because any 
ARG" haploidisation products could have - resu lted  from plasmid 
in s ta b i l i ty ,  only ARG+ segregants were considered. I f  ARp1 had 
integrated into one of the chromosomes the argB*  a l l e l e  should 
segregate with the wild type a lle le  of the marker gene, identifying 
the linkage group corresponding to that chromosome.
In  th ree  out o f  the fo u r  cases the argB+ a l le le  behaved as un linked 
to  a l l  e ig h t linkage  groups (Table 3 .3 ) . In  one case, 3 ), the argB+ 
a l le le  appeared l in k e d  to  group IV , s e g re g a t in g  w ith  th e  pyroA * 
a l le le ,  suggesting th a t in  transfo rm ant 3, ARp1 was in te g ra te d  in to  
the chromosome. However, when the s t a b i l i t y  in  asexual reproduction o f 
the  ARG+ phenotype o f the fo u r transfo rm ants was compared w ith  th a t o f 
ARG+ segregants from the  fo u r h a p lo id is a tio n s  i t  was found th a t in  
a l l  fo u r i n i t i a l  transform ants and hap lo id  segregants from d ip lo id s  1, 
2, and 4, the ARG+ phenotype was unstab le , whereas a l l  ARG+ segregants 
from h a p lo id is a tio n  o f transform ant 3 were s ta b le .
These re s u lts  suggest th a t ARp1 d id  not in te g ra te , a t le a s t not 
s ta b ly , in  the case o f transform ants 1,2 and 4. The segregants from 
transform ant 3 suggest th a t ARp1 d id  in te g ra te  in to  linkage  group IV ; 
however, the ana lys is  o f  s t a b i l i t y  before and a f te r  passage through 
the parasexual cycle  suggests th a t in te g ra t io n  occurred du ring  the 
cyc le , and may not r e f le c t  the co n d itio n  o f the  trans fo rm ing  plasmid 
in  the i n i t i a l  transfo rm ant.
Segregation o f the pabaAl a l le le  from AJC9.4 and the yA2 marker gene 
from DHG001 can be taken as a p o s it iv e  c o n tro l fo r  the h a p lo id is a tio n  
m apping  p ro c e s s  (T a b le  3 . 4 ) .  E x c e p t io n s  in  s e g re g a n ts  fro m  
transfo rm ant 3 may be due to  inaccurate  re p lic a  p la t in g .
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Table 3.3 H a p lo id isa tio n  mapping o f  argB*  in  4 ARp1 transform ants 
This ta b le  shows ARG+ segregants from the h a p lo id is a tio n  o f d ip lo id s  
formed between master s t ra in  DHG001 ( yA2: a c r l : ga!A1 argB2 :pyroA4: 
facA303: sB3: n icB8 : riboB 2 niaD17) and fo u r  ARG* transform ants w ith  
ARp1 o f  s t ra in  AJC9.4 ( pabaAl ; argB2 brTA42 ivoB63 ). named 1 , 2 ,  3 and
4. Only ARG+ segregants are analysed s ince  ARG”  segregants may be the
re s u lt  o f  plasmid in s t a b i l i t y .  I f  ARp1 in te g ra te s  in to  one chromosome 
o f the  transform ant s t ra in ,  then the argB*  a l le le  should segregate 
w ith  the  w ild  type a l le le  on ly  o f  the  marker gene id e n t ify in g  the
linkage  group corresponding to  th a t chromosome.
Linkage I  I I  I I I  IV V VI V II  V I I I
Group:
yA acrA gal A pyroA facA sB nicB riboB
ARG+
progeny + - + - + - + - + - + - + + -
1) 8 11 3 16 16 3 7 12 8 11 14 5 13 6 0 19
2 ) 9 21 12 18 29 2 24 6 12 18 26 4 25 5 3 27
3) 13 19 12 20 14 18
i 
■ 
■ 
i
IC
O Iro lo 20 12 26 6 2210 3 29
4) 16 32 20 28 41 7 26 22 29 19 40 8 43 5 4 44
The argB* a l le le  on ly shows any linkage in  transform ant 
3 ), to  linkage  group IV.
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Table 3.4 Segregation o f  yA2 and pabaAl  in  h a p lo id is a tio n  a n a ly s is  o f  
fo u r  ARp1 transform ants.
Th is ta b le  shows th a t the yA2 a l le le  from DHG001 and the pabaAl a l le le  
from AJC9.4 do not segregate to g e th e r. Th is can be taken as a p o s it iv e  
c o n tro l fo r  the  h a p lo id is a t io n  mapping th e  r e s u lt s  o f  w h ich  a re  
d isp layed in  Table 3.3 .
Linkage group I  
yA2
T ’ f Jn t Progeny +
1) PABA+ 0 5
PABA" 10 o
2 ) PABA+ 0 6
PABA" 11 0
3) PABA+ 1 9
PABA" 9 3
4) PABA+ 0 11
PABA" 12 o
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Figure 3.6. Southern b lo t  o f  DNA from A.n idu lans transformants w i th  
ARp1.
Panel A shows DNA from one argB+ ARp1 t r a n s f o r m a n t  o f  A. n i d u l  ans 
s t r a i n  G34, separated on a 0.8% agarose gel.  Lanes: 1, uncut; 2, cut 
w i th  BamH I : 3, cut w i th  Bgl l l :  4, ARp1 DNA prepared from E.col 1 uncut, 
and 5, cut w ith  BamHI. Probe: rad lo labe l led  pUC8.
Panel B shows the autoradiograph prepared from the gel in panel A. 
Panel C shows a longer exposure o f  lanes 1, 2 and 3. 
m, monomer; d, dimer.
3.5 Southern b lo t analysis o f ARp1 transformants
Southern b lo t  a n a lys is  by Johnstone (1985a) o f  ARp1 transform ant DNA 
appeared to  show ARp1 both in te g ra te d  in to ,  and running separa te ly  
from the  chromosome. However, in  Southern b lo t  a n a lys is  o f uncut ARp1 
transfo rm ant DNA i t  is  not easy to  d is t in g u is h  whether h y b r id is a tio n  
o f  probe to  the chromosomal DNA band is  due to  a) plasmid in te g ra tio n  
in to  the chromosome, b) ARp1 dimer running a t the  same p o s it io n  as the 
chromosomal DNA, o r c) plasmid DNA in  some way entangled w ith  the 
chromosomal DNA. To d is t in g u is h  between these cases DNA ex trac ted  from 
ARG+ ARp1 transfo rm ants was run on an agarose gel i )  uncut, i i )  cu t 
w ith  BamHI, (which does not cleave ARp1), and i i i )  cu t w ith  B g l.II, 
(which cu ts  ARp1 once), y ie ld in g  the  l in e a r  plasmid monomer. These 
were run a longside ARp1 ex trac ted  fro n  E .c o li (F ig . 3 .6A). Southern 
b lo ts  o f these ge ls were probed w ith  ra d io la b e lle d  pUC8 (F ig . 3.6B).
The probe d id  not h yb rid ise  w ith  the uncut chromosomal DNA but to  
bands corresponding in  s ize  to  ARp1 cccDNA monomer and dimer, running 
below and s l ig h t ly  above the chromosomal DNA re s p e c tiv e ly . In  a longer 
exposure o f the same autoradiograph (F ig . 3.6C) the p o s it io n  o f in ta c t  
chromosomal DNA between monomeric and d im eric  ARp1 is  revealed by non­
s p e c if ic  h y b r id is a t io n . In  the tra c k  co n ta in in g  transfo rm ant DNA cu t 
w ith  B g ll l ,  a s in g le  band is  seen, corresponding in  s ize  to  l in e a r  
ARp1 monomer (11.5 kb).
No bands are seen which m igh t co rresp o n d  to  ju n c t io n  fra g m e n ts  
between ARp1 and chromosomal DNA, which would be expected i f  ARp1 had 
in te g ra te d  in to  the  chromosome. An a u to ra d io g ra p h  from  a s im i la r  
experiment is  shown in  F ig . 3 .7 .
When a large amount o f  BamHI d igested DNA from an ARp1 transfo rm ant 
was separated on an agarose gel the high running d im eric  form was 
c le a r ly  seen (F ig . 3 .8 ).
These re s u lts  s tro n g ly  suggest th a t ARp1 is  not g e ne ra lly  in te g ra te d  
in to  the chromosome in  A sp e rg illu s  trans fo rm an ts . I f  th is  is  the case 
i t  must, to  be m aintained, bear the cap ac ity  to  re p lic a te  autonomously 
w ith in  th e  A sp e rg iilu s  transfo rm ant. I f  so, ARp1 represents the f i r s t  
p lasm id found which can do so w ith in  A s p e rg i11 u s . o r  in d e e d , any 
filam entous ascomycete. Thus two classes o f A spe rg i11 us trans fo rm ing  
vecto rs  now e x is t :  ARps (A sp e rg illu s  R e p lic a tiv e  p lasm ids), which may 
be contrasted w ith  A sp e rg illu s  In te g ra tiv e  plasm ids (A lp s ).
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F i g u r e  3 . 7 .  S o u th e rn  b l o t  a n a l y s i s  o f  DNA f r om  3 A . n i d u l a n s  
transfo rm ants w ith  ARp1.
Probe: rad io labe l led  pUC8.
As F ig . 3 .6 .  Lanes 1, 2, 3, DNA from 3 ARp1 t r a n s f o r m a n t s  o f  
Aspergi 11 us cut w ith  BamHI; 4, 5, 6, cut w i th  BgJ.II; 7, ARp1 from 
E . c o l i , uncut, and 8, cut with BgJ.II.
This b lo t  shows p a r t i c u la r l y  c le a r l y  the presence o f  only un integrated 
ARp1 in Asperg i1lu s .
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Figure 3.8. R e s tr ic t io n  d iges ts  o f  DNA from an ARp1 tra ns fo rm an t o f 
A .n id u la n s .
Digested DNA was separated on a EtBr stained 0.8% agarose gel.
Lane 1, DNA from A .n id u la n s  s t r a i n  G34 t ra n s fo r m e d  w i t h  ARp1 ; 2, 
untransformed. In both cases DNA was digested w i th  BamHI, which does 
not cu t ARp1. The ARp1 dimer i s  c l e a r l y  v i s i b l e  in  th e  t r a c k  
conta in ing the transformant DNA. d, dimer.
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Figure 3.10. Southern b lo t  o f  A .n idu lans transform ants w ith  monomeric 
and d im eric  plasmid ARp1 DNA.
The ge l  was 0.8% a g a r o s e ;  t h e  S o u th e rn  b l o t  was p ro b e d  w i t h  
rad io labe l led  p(JC18; a l l  Aspergi 11 us DNAs were digested w ith  BamHI. 
Lanes 1, 2, 3, three A.nidulans s t ra in  G34 transformants w i th  ARp1 
monomer; 4, 5, 6, three A.nidulans transformants w ith  ARp1 dimer; 7, 
ARp1 DNA extracted from E .co l i  (monomer and d imer) ;  8, untransformed 
s t r a i n  G34. M, monomer; D, dimer; ?, u n i d e n t i f i e d  band, p o s s i b l y  
1 inear  monomer.
2 3 4 5  6 7 8 9  I O 2
D
Figure 3.11. Southern b lo t o f A .n idu lans DNA from an ARp1 trans fo rm ant 
a f te r  d e ns ity  g rad ien t separation .
About 25ug o f  DNA was sub jected to  C sC l /  E tB r  d e n s i t y  g r a d i e n t  
u l t r a c e n t r i f u g a t i o n  in a volume o f  6 mis. This was f ra c t io n a te d  in to  
24 250-ul a l iq u o ts ,  numbered from the bottom o f  the grad ient.  DNA was 
e x t ra c te d  from each f r a c t i o n ,  and f r a c t i o n s  5-16 s u b je c te d  t o  
e lec t rophores is  on a 0.8% agarose gel.  A Southern b lo t  prepared from 
the gel was probed with rad io labe l led  pUC8. Lanes 1-12 correspond to  
f r a c t io n s  5-16. C, chromosomal DNA; P, plasmid DNA.
fa c in g  page 53b
3.6 In te rcon ve rs ion  o f  monomeric and d im e ric  ARp1 in  A s p e rg illu s
By comparison o f ARp1 DNA on agarose ge ls w ith  a range o f o the r 
plasmids o f known s iz e , i t  was shown th a t the  two forms o f ARp1 most 
commonly seen correspond to  superco iled  cccDNA monomer and dimer (F ig . 
3 .9 ) .  S ince both form s are seen in  b o th  E. c o l i and A .n id u la n s  
transform ants i t  was asked whether the presence o f both forms in  the 
fungus was the re s u lt  o f  tra ns fo rm a tion  w ith  a m ix tu re  o f  the  two 
forms extrac ted  from E .c o l i . A lte rn a t iv e ly ,  in te rcon ve rs io n  between 
monomer and dimer could occur in  A sperg i1lu s .
ARp1 was separated on an agarose gel and the  monomer and dimer 
separa te ly  gel p u r if ie d .  DNA from ARG+ A .n idu lans  transfo rm ants w ith  
each form was subjected to  Southern b lo t  a n a lys is  (F ig . 3 .10 ). I t  was 
observed th a t where monomeric trans fo rm ing  plasmid had been used most 
o f the plasmid in  the transform ant was in  d im e ric  form (F ig . 3.10, 
lanes 1, 2 and 3 ). Furthermore, where d im eric  trans fo rm ing  ARp1 was 
used, on ly  a very small p ro po rtion  o f  the plasmid was present as 
monomer (F ig . 3.10, lanes 4, 5 and 6 . ) .  Th is suggests th a t a ), ARp1 
monomers are re a d ily  converted in to  dimers in  A s p e rg il lu s , perhaps by 
recom b ina tion  between monomers ( y e t  n o t a p p re c ia b ly  in t o  h ig h e r  
m u ltim e rs ); b) th a t re s o lu tio n  o f dimers to  form monomers does occur, 
bu t le ss  f re q u e n t ly ;  and c) th a t  th e  p resen ce  o f  nea r e q u im o la r  
amounts o f monomer and dimer seen in  A sperg i1lus  transform ants (e .g . 
in  F ig . 3.6B and 3 .7) does re s u lt  in  p a rt from tran s fo rm a tion  by both 
forms ex trac ted  from E .c o l i .
3.7 Separation o f  ARp1 from A .n idu lans trans fo rm an t DNA by d e n s ity  
g rad ien t u lt ra c e n tr ifu g a tio n
When ARp1 transform ant DNA was subjected to  CsCl d e ns ity  g rad ie n t
u lt r a c e n t r i fu g a t io n  no EtBr s ta in e d  p la sm id  band was o b se rve d . 
However, when the g rad ien t was fra c tio n a te d , and DNA ex trac ted  from 
s e r ia l  f r a c t io n s  was sub je c te d  to  AGE and S ou th e rn  b lo t t i n g ,  
ra d io la b e lle d  pUC8 hybrid ised  s tro n g ly  to  DNA m ig ra tin g  fa s te r  than 
the chromosome in  the th ree  fra c t io n s  from im m ediately beneath the 
band o f chromosomal DNA in  the g rad ie n t (F ig . 3 .1 1 ). This suggests
th a t chromosomal and superco iled  plasmid DNA had been separated. (The
h y b r id is a tio n  o f probe to  the chromosomal DNA may be due to  open
c ir c le  plasmid DNA entangled w ith  the chromosome). This in d ica te s  the 
fu tu re  p o s s ib i l i t y ,  e s p e c ia lly  should h igher copy number d e r iv a tiv e s
ARpl
pILJ23
pILJ25
pIU20
pDHG24
pDHG25
E H E X PXX E H
AMA1
E
argB
E E B
\*L
E E B
E
B
tz L
lkb
Figure  3.12. L inear r e s t r ic t io n  maps o f  the  subclones o f  ARp1.
The open boxes repesent A .n idu lans argB sequences. The cross-hatched 
boxes represent AMA1 and AMA1-derived sequences. The s in g le  lin e s  
re p re s e n t pUC8 sequences, and th e  t r ia n g le s ,  pUC8 p o ly l in k e r  
sequences. For co ns truc tion  o f  ARp1, pILJ20, pILJ23 and pILJ25 see 
Johnstone, 1985a. pDHG24 was constructed  by p a r t ia l ' d ig e s tio n  o f ARp1 
w ith  EcpRI, fo llow ed by s e l f - l ig a t io n .  pDHG25 was constructed by b lu n t 
end l ig a t in g  the 5.1—kb H in d l l l  fragment o f AMA1, w ith  K le n o w -fille d  
ends, in to  the Smal  s i te  o f pILJ16 (F ig . 3 .1 ).
A b b re v ia tio n s  f o r  r e s t r ic t io n  enzyme s i t e s :  B, BamH I : E, E cp R I;, 
H in d l l l :  P, P s tI; X, Xhol.
fa c in g  page 54a
o f ARp1 be developed, o f  e x tra c tin g  plasmid d i r e c t ly  from A sp e rg illu s  
transform ants w ith o u t re transfo rm ing  E .c o l i .
3 .8 .1  C onstruction  o f  subclones o f ARp1
The co n s tru c tio n  o f  th re e  subclones o f ARp1: pILJ20, pILJ23 and pILJ25 
has been d e sc rib e d  by Johnstone (1985a ; F ig .  3 .1 2 ) .  Two f u r t h e r  
subclones were cons truc ted . A p a r t ia l  d ig e s t o f  ARp1 w ith  EcoRI  was 
c a rr ie d  out and the 9 .4 -kb  EcoRI  p a r t ia l  fragm ent was gel p u r if ie d . 
This was then s e lf - l ig a te d  and transform ed in to  E .c o li s tra in  DH5, 
s e le c tin g  fo r  a m p ic i l l in  res is tance  to  form pDHG24. ARp1 was then 
re s tr ic te d  w ith  Hindl l l  and the 5 .1 -kb  fragment o f AMA1. The 4 bp 5 ’ 
ssDNA overhangs were then f i l l e d  in  by th e  a c t io n  o f  th e  Klenow 
fragment o f DNA polymerase I .  The re s u lt in g  DNA was then lig a te d  w ith  
S m a l-re s tr ic te d  and phosphatased ( c a lf  in te s t in a l phosphatase) pILJ16, 
to  form pDHG25. The s tru c tu re  o f pDHG24 and pDHG25 was confirmed by 
EcoRI  d ig e s tio n  (data  not shown).
3 .8 .2  Transform ation o f  A .n idu lans w ith  ARp1 subclones
I t  was hoped th a t the  region c o n fe rr in g  fre e  re p lic a t io n  could be
lo c a lis e d  w ith in  AMA1 by observing the  behaviour o f subclones o f ARp1 
in  tran s fo rm a tion s . pILJ20, pILJ23, pILJ25, pDHG24, pDHG25 and fo r  
comparison, pILJ16 and ARp1, were transform ed in to  A .n idu lans s tra in  
G34, w ith  s e le c t io n  f o r  ARG+ c o lo n ie s .  The r e s u l t s  (T a b le  3 .5 )  
c la s s i f y  the  p lasm ids in to  th re e  ty p e s : f i r s t l y  ARp1, pDHG24 and 
pDHG25 showed no g re a te r v a r ia t io n  in  tra n s fo rm a tion  frequency than is  
o fte n  encountered between batches o f the  same plasmid DNA (Table 3 .5 ). 
Secondly, pILJ20 behaved l ik e  an A lp , w ith  a tra n s fo rm a tio n  frequency 
on ly  s l ig h t ly  h ighe r than th a t o f pILJ16. However, he terokaryon-1 ike  
c o lo n ie s  were o c c a s io n a lly  seen. T h i r d ly ,  p IL J2 3  and p ILJ25  had 
in te rm e d ia te  p ro p e r t ie s :  a t ra n s fo rm a t io n  fre q u e n c y  10 -  1 5 - fo ld  
g re a te r than pILJ16, but less than a te n th  th a t  o f ARp1, pDHG24 and 
pDHG25. In  a d d it io n ,  a la rg e  number o f  w e a k ly  g ro w in g  p ILJ23  and 
pILJ25 tra n s fo rm a n t c o lo n ie s  were seen w h ich  d id  n o t grow i f
su b cu ltu re d  (a b o r t iv e  t r a n s fo rm a n ts ) .
3 .8 .3  S ta b i l i t y  o f  transform ants w ith  ARp1 subclones
Conidia from ARG+ transform ants were p la ted  on CM and the percentage
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Table 3 .5 . Frequency o f tra n s fo rm a tion  o f  A s p e rg illu s  w ith  subclones 
o f  ARp1.
S tra in s  used were G34, G034, AJC9.4, AJC541.20, AJC12.6, and AJC12.7. 
T h e re  was no a p p a re n t s i g n i f i c a n t  v a r ia t i o n  o f  s t r a i n  w ith  
tra n s fo rm a tion  frequency.
(Data p r in te d  on the  same l in e  do n o t re p re s e n t t r a n s fo rm a t io n s  
c a rr ie d  out a t the same tim e o r o f the same s t r a in . )
fiNumber o f  tra n s fo rm a n ts / 10° p ro to p la s ts
ARp1 pILJ16 PILJ20 PILJ231 PILJ251 PDHG24 PDHG25
30,000 6 1 80 100 240 1,600
20,000 10 3.8 600 400 4,400 530
65,000 23 300 60 35 5,300 3,400
10,000 55 1 40,000 10,000
200 1.6 5,400
250
5.000 
100 
140
1,080
110
220
2,400
16,000
2.000  
700 
200
8,176 16.1 76.5 246 246 12,485 4186
E s t im a te s : s tro n g  grow ing tru e  tra n s fo rm a n t c o lo n ie s  as a g a in s t 
a b o rtive -tra n s fo rm a n ts .
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Figure 3.13. Histogram showing in s t a b i l i t y  o f  transfo rm ants w ith  ARp1 
and subclones.
This f ig u re  shows the p ro po rtio n  o f asexual progeny o f transfo rm ants  
w ith  ARp1 and subclones which have re ta ined  the transfo rm ant phenotype 
(ARG+). This was measured by p la t in g  con id ia  from transfo rm ants  onto 
CM, on which ARG+ and ARG+ co lon ies  are e a s ily  d is tin g u is h e d  (the  
la t t e r  do not c o n id ia te .)
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Table 3 . 6. S ta b i l i t y  o f  ARG+ transfo rm ants  o f  A .n idu lans s t ra in  G34 
w ith  pILJ16, ARp1 and subclones.
ARG+ and ARG”  co lon ies  were d is tin g u ish e d  by p la t in g  co n id ia  from 
transform ants onto CM on which on ly  the  ARG+ co n id ia te .
% ARG+ co lon ies  (b racketed : sample s ize )
PILJ16 ARp1 PILJ20 PILJ23 PILJ25 PDHG24 PDHG25
95(21) 15(39) 100(80) 59(29) [9 0 (2 1 )]* 28(154) 33(118)
100( 21) 36(56) 100(27) 15(34) 0(23) 35(251) 46(48)
100( 20) 37(38) 100(37) 6(31) 31(16) 41(249) 31(70)
100(23) 55(42) 73(72) [88(25)3* 0(19) 46(201) 76(106)
100(38) 50(44) 100(94) 11(27) 0 ( 6) - 26(54)
[24(28)11 61(49) 100( 11) - — - 59(81)
*These are s ta b i l is e d  tra n s fo rm a n ts , p ro b a b ly  r e s u l t in g  fro m  
in te g ra tio n  o f transfo rm ing  DNA in to  the  chromosome, and have been 
excluded from the average.
1T h is  datum was excluded from  c a lc u la t io n  o f  th e  average  s in c e  
t y p i c a l l y  pILJ16 transform ants are 100% s ta b le .
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Figure 3.14. Southern b lo t  o f A .n idu lans transform ants w ith  pDHG25.
The b l o t  was p robed  w i t h  rad  i o 1 abe 1 1 ed pl)C18. DNAs f ro m  2 
t r a n s fo r m a n ts , T25.1 and T25.2,  o f  s t r a i n  G34 w i t h  pDHG25 were 
examined.
Lane 1, DNA from untransformed s t r a in  G34; 2, 3, T25.1 and T25.2, 
uncut; 4, 5, cut w ith  BamH I ; 6, 7, cut with BgJ.II; 8, pDHG25 DNA 
extracted from E . c o l i , uncut.
m, supercoi led cccDNA monomer; d, supercoi led cccDNA dimer; 1, l i n e a r  
plasmid monomer.
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o f ARG+ co lon ies among the progeny was scored. I t  was found th a t the 
p ropo rtio n  o f ARG+ progeny o f transform ants o f pDHG24 and pDHG25 were 
s im i la r  to  th a t  o f  ARp1 tra n s fo rm a n ts  (T a b le  3 .6 ) .  Of s ix  p ILJ20  
transfo rm ants, f iv e  were found to  be s ta b le ; in  one, 83% o f progeny 
were ARG+. This is  s im ila r  to  the re s u lt  obtained from the pILJ16 
transfo rm ants: o f s ix ,  fo u r were s ta b le , and two unstab le , having 95% 
and 24% ARG+ progeny re s p e c t iv e ly .  O cca s io na l u n s ta b le  p ILJ16  
A sperg i1lus transform ants were observed by Upshall (1986) who found 
th a t  the  ARG+ became s ta b le  i f  th e  u n s ta b le  tra n s fo rm a n ts  were 
subcultured.
The ARG+ phenotype o f most pILJ23 and pILJ25 transform ants was found 
to  be more unstab le . I f  the two more s ta b le  co lon ies are excluded 23% 
o f progeny o f pILJ23 and 8% o f progeny o f pILJ25 transform ants are 
ARG+. The data on transfo rm ant s t a b i l i t y  is  summarised in  a histogram  
in  F ig . 3.13.
3 .8 .4  Southern a n a lys is  o f  A .n idu lans  transform ants w ith  pDHG25
DNAs from transform ants o f A .n idu lans s tra in  G34 w ith  pDHG25, T25.1 
and T25.2 , grown under s e le c t iv e  c o n d it io n s ,  were s u b je c te d -  to  
Southern a n a lys is  using a ra d io la b e lle d  pUC8 DNA probe (F ig . 3 .1 4 ). 
Two bands were v is ib le  in  the tra cks  con ta in ing  uncut transfo rm ant DNA 
(tra cks  2 and 3 ), which correspond in  p o s it io n  to  monomer and dimer o f 
pDHG25 (see tra c k  8 ) .  R e s tr ic t io n  o f transform ant DNAs w ith  BamHI 
(tra cks  4 and 5) and BgJII ( tra c k s  6 and 7) whjch cu t pDHG25 once, 
gave a s in g le  band in  the case o f T25.1 (tra cks  4 and 6) .  A second 
band, running s l ig h t ly  above the main band , was v is ib le  in  the case 
o f T25.2 (tra c k s  5 and 7 ), suggesting th a t a rearrangement o f the 
plasmid had occurred re s u lt in g  in  a s l ig h t  increase in  s iz e . These 
re s u lts , taken w ith  the p ro p e rtie s  o f pDHG25 described in  se c tions
3 .8 .2  and 3 .8 .3  suggest th a t pDHG25 is  maintained w ith in  transfo rm ants  
as an un in tegra ted  plasmid (ARp) w ith o u t undergoing major s tru c tu ra l 
rearrangements.
3.9 Transform ation o f  uvs mutants o f  A .n idu lans w ith  ARp1
I t  has been suggested th a t the  inve rted  repeats present in  the  yeast 
2uM c i r c le  are necessary f o r  p la sm id  copy number a m p l i f i c a t io n  
(Fu tcher, 1986). I t  was argued th a t  recombination between in ve rte d
Table 3 .7 . Transform ation o f  3 uvs mutants o f  A .n idu lans w ith  pILJ16 
and ARp1.
N° trans fo rm an ts /106 p ro to p la s ts  
S tra in  pILJ16 ARp1 ARp1/pILJ16
6,000 3.75
300 0.9
1,050 2.1
850 2.1
Note: in  th is  experiment the trans fo rm a tion  frequencies w ith  pILJ16 
were unusually h igh, and those w ith  ARp1 unusua lly  low, unless the re  
is  something wrong w ith  the  G34 co n tro l tra n s fo rm a tion s .
G34 1,600
(uvs+)
AJC9.41 320
( U V S B 3 1 4 )
AJC9.43 500
( uvsC114)
AJC9.45 300
( uvsD153)
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re pea ts  a f te r  one re p ea t o n ly  had r e p l ic a te d  w ould t h e o r e t ic a l l y  
re s u lt  in  reve rsa l o f  the  d ire c t io n  o f  one re p lic a t io n  form re la t iv e  
to  the o the r (see d iscu ss io n ); th is  would re s u lt  in  double r o l l in g  
c i r c le  re p lic a t io n  and copy number a m p lif ic a t io n .
I f  r e c o m b in a t io n  be tw een in v e r t e d  re p e a ts  is  r e q u ir e d  f o r  
maintenance o f ARp1, then / i t  m ight be expected th a t in  s tra in s  in  
which the re  was depression o r enhancement o f  DNA recombination ra te s , 
the re  would be a concommitant change in  the  tra n s fo rm a tion  frequency 
w ith  ARp1, o r o f  the s t a b i l i t y  o f  the plasmid in  transfo rm ants .
A number o f  m u ta tio n s  have been c h a ra c te r is e d  w h ich  a f f e c t  
m ito t ic  recombination in  A .n id u la n s . M utations in  the genes uvsB and 
uvsC cause an increase in  s e n s it iv i t y  to  UV ra d ia tio n  (Jansen, 1970a). 
I t  was found th a t  in  uvsC 14/uvsCJ_4 d ip lo id s  th e  ra te  o f  m i t o t i c  
recombination was 10-100x lower than th a t in  uvsC*/uvsC+ s tra in s .  On 
the o the r hand there  was a 5-10x increase in  m ito t ic  recombination in  
uvsB1 0 /uvsB10 ove r uvsB* / uvsB*  d ip lo id s  (Ja n se n , 1970b). I t  is  
be lieved th a t the  mutant uvsC14 is  d e fe c tiv e  in  recombination re p a ir , 
whereas uvsBIO is  d e fe c tiv e  in  e xc is ion  re p a ir  o f  UV damaged DNA.. In  
a fu r th e r  mutant, uvsD53, uvsD53/uvsD53 d ip lo id s  were found to  have a 
25x h ig h e r m i to t ic  recom b ina tion  r a te  th a n  uvsD* / uvsD+ s t r a in s  
(F o rtu in , 1970). This mutant was found to  be d e fe c tiv e  in  enzymatic 
p h o to re a c tiva tio n  o f UV damage (F o rtu in , 1971).
Four argB"  s tra in s  o f  A .n idu lans were transform ed w ith  pILJ16 and 
ARp1. These were G34 (uvs+), AJC9.41 ( uvsB314), AJC9.43 ( uvsC114), 
and AJC9.45 (uvsD153). I t  was argued th a t in  mutants w ith  enhanced 
m ito t ic  recombination ra tes , pILJ16 should transfo rm  a t a h igher 
frequency, s ince the frequency o f homologous in te g ra tio n  should be 
enhanced. S im ila r ly ,  i f  recombination between inve rted  repeats o f 
ARp1 is  im p o rta n t f o r  i t s  s ta b le  m a in te n a n ce , t r a n s fo rm a t io n  o f  
enhanced m ito t ic  recombination mutants m ight a lso  g ive  enhanced ra tes  
o f tra n s fo rm a tion . However, i f  Fu tcher-type  copy number a m p lif ic a tio n  
does not occur, then an increased frequency o f tran s fo rm a tion  o f 
pIILJ16 re la t iv e  to  ARp1 might be expected. S im ila r ly ,  tra n s fo rm a tion  
o f mutants w ith  suppressed m ito t ic  recom bination ra tes  m ight o r m ight 
not increase the trans fo rm a tion  frequency o f  ARp1 re la t iv e  to  pILJ16 
depending on whether o r not Fu tcher-type  copy number a m p lif ic a tio n  was 
o ccu rring .
The re s u lts  o f one se t o f trans fo rm a tions  (Table 3 .7 ) show a general 
drop in  tra ns fo rm a tion  frequency in to  a l l  th ree  uvs s tra in s  re la t iv e  
to  the uvs* s tra in .  This may re f le c t  increased p ro to p la s t m o r ta li ty
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due to  f a i lu r e  o f  DNA re p a ir . Between uvs s tra in s  the re  is  l i t t l e  
v a r ia t io n  in  tra n s fo rm a tio n  frequenc ies . The on ly  poss ib le  s ig n i f ic a n t  
v a r ia t io n  is  an increase in  the  re la t iv e  frequency o f tra n s fo rm a tio n  
o f  p ILJ16 o ve r ARp1 in  the  case o f  uvsB . T h is  h in t s  t h a t  ARp1 
tra n s fo rm a tio n  is  recombination independent -  a t le a s t uvsB mediated 
recom bination. However, a much more e x te ns ive , thorough study would be 
necessary to  be c e r ta in . '
3.10 Transformation o f Aspergillus w ith lin e a r  ARp DNA
The tra n s fo rm a tio n  frequency o f A .n idu lans  w ith  ARp1 cu t w ith  B j t l l , 
and pDHG25 DNAs cu t w ith  B g l l l ,  BamHI and Smal  were asce rta ined , and 
compared w ith  those o f th e  uncut plasm id incubated in  REact b u ffe rs  
alone. The e f fe c t  o f incuba tion  w ith  BamHI on ARp1 (which con ta ins no 
BamHI s ite s )  and Smal on pDHG25 (which con ta ins  no Smal s ite s )  were 
a lso  checked. That DNAs were d igested  to  com pletion was checked by 
examining the DNA d iges ts  run on EtBr s ta ined  agarose m in ig e ls . The 
whole r e s t r i c t io n  s o lu t io n  was th e n  used f o r  th e  t r a n s fo r m a t io n ,  
w ith o u t p r io r  p u r if ic a t io n  o f DNA, The re s u lts  are d isp layed  as a 
histogram  in  F ig . 3.15. S u rp r is in g ly  i t  was found th a t ARp1 cu t w ith
B a ll I  transform ed A sp e rg illu s  w ith  the  same frequency as uncut DNA
incubated w ith  BamHI (both incuba tions were c a rr ie d  ou t w ith  REact 3 
r e s t r ic t io n  b u ffe r ) .  A s im ila r  re s u lt  was obtained comparing pDHG25 
cu t w ith  BamHI o r B g l l l  w ith  plasmid incubated w ith  Smal .
In  S .ce re v is ia e  there  are two ways in  which homologous recom bination
between trans fo rm ing  plasmid and chromosome give r is e  to  plasmid 
i n t e g r a t i o n :  a s in g le  r e c o m b in a t io n  e v e n t may r e s u l t  in  th e  
i n t e g r a t i o n  o f  th e  e n t i r e  p la s m id  ( t y p e - I  i n t e g r a t i o n ) .  
A l te r n a t iv e ly ,  two recom b ina tion  e v e n ts  (d o u b le  c ro s s o v e r ,  o r  
in te g ra tio n  fo llow ed by gene conversion) may re s u lt  in  tra n s fo rm a tio n  
by gene replacement ( t y p e - I I I in te g r a t io n ) . I t  has been observed in  
S .ce re v is ia e  th a t the frequency o f type  I  in te g ra tio n  over type I I I  
.could be increased 5 0 -fo ld  by c u tt in g  th e  trans fo rm ing  DNA w ith in  the  
coding region o f the se le c tab le  marker gene (Orr-Weaver and Szostak, 
1983). T h is  e f fe c t  is  not so marked in  A s p e rg i11 u s . C lu t te rb u c k  
(unpublished) has shown th a t type I  in te g ra t io n  is  enhanced ju s t  2- 
fo ld  by c u tt in g  w ith in  the transfo rm ing  gene regions (a lso  see Y e lton  
e t a l , 1985), and s im ila r  re s u lts  were obta ined in  Neurospora (Kim and 
M a rz lu ff, 1988). The re s u lts  obtained w ith  the two ARps suggests th a t 
th e  reason f o r  the d if fe re n c e  between th e  b e h a v io u r o f  l in e a r
25,000
5,000-
4,500-
£ 4,000"
exo-l->o
S-,ex 3,500'
3,000'
!  2,500-
CO
E
S-,o
COeco
2,000-
oGa;o
O '
CDU
pz-,
1,500-
1,000-
500
-  BamHI Bglll £kl Xhfil i BamHI Bglll Smal
ARpl pDHG25
Linear DNA used in transformations; - , uncut.
Figure 3.15. Histogram showing the e f fe c t  o f  l in e a r is in g  trans fo rm ing  
plasm ids upon frequency o f trans fo rm a tion  o f  A s p e rg illu s .
R e s tr ic t io n  d iges ts  were added d ir e c t ly  to  trans fo rm a tions  w itho u t any 
p u r if ic a t io n  steps. That re s t r ic t io n s  had occurred to  com pletion was 
checked by AGE.
For ARp1 and pDHG25 re s t r ic t io n  s ite s  see F igs. 3.1 and 3.12. BamHI 
does not cu t ARp1, but cuts pDHG25 once. Bg ll l  cuts ARp1 and pDHG25 
once. Smal  cleaves pDHG25 once. ARp1 is  cleaved by C la l and Xhol  
tw ice  and th ree  times re sp e c tive ly .
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Figure 3.16. Southern b lo t  ana lys is  o f A sperg iH us transform ants w ith  
l in e a r  plasmid pDHG25 DNA.
The b lo t  was probed with  rad io labe l led  pUC18.
Lanes 1, 2, DNA from 2 t r a n s fo rm a n ts  o f  s t r a i n  G34 w i t h  pDHG25 
l inea r ised  with BamHI; the transformant DNA was also cut w i th  BamH I . 
3, 4, DNA from 2 transformants w ith  pDHG25 l inea r ised  w ith  M i n .  The 
transformant DNA was cut w ith  Bg111. 5, 6, 7, DNA from 3 transformants 
w ith  pDHG25 l inea r ised  w i th  Smal; the transformant DNA was also cut 
w ith  8, pDHG25 DNA extracted from E . c o l i , uncut and 9, cut w ith
BamH I ; 10, DNA from untransformed Aspergi11 us s t r a i n  G34. 
d, supercoi led cccDNA dimer; m, supercoi led cccDNA monomer; 1, l i n e a r  
monomer.
Note tha t  r e c i r c u la r i s a t i o n  o f  l in e a r  DNA in the transformant has led 
to  regenerat ion o f  the r e s t r i c t i o n  s i t e  in the two transformants w ith  
pDHG25 cut w i th  B g l l l  and one w i t h  BamH I . In  the  case o f  a l l  3 
transformants w ith  M i l - l i n e a r i s e d  pDHG25 loss o f  the Smal  s i t e  has 
occurred.
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Figure 3.16. Southern b lo t  analys is  o f  Asperg i1lus transformants w ith  
l in e a r  plasmid pDHG25 DNA.
The b lo t  was probed w ith  rad io labe l led  pUC18.
Lanes 1, 2, DNA from 2 t ra n s fo rm a n ts  o f  s t r a i n  G34 w i t h  pDHG25 
l inea r ised  with BamH I ; the transformant DNA was also cut w ith  BamH I . 
3, 4, DNA from 2 transformants w ith  pDHG25 l inea r ised  w ith  Bg l l l .  The 
transformant DNA was cut w ith  M i n .  5, 6, 7, DNA from 3 transformants 
w ith  pDHG25 l inea r ised  w ith  Smal: the transformant DNA was also cut 
w ith  Smal; 8, pDHG25 DNA extracted from E . c o l i , uncut and 9, cut w ith  
BamH I ; 10, DNA from untransformed Aspergi1lus s t r a in  G34. 
d, supercoi led cccDNA dimer; m, supercoi led cccDNA monomer; 1, l in e a r  
monomer.
Note tha t  r e c i r c u la r i s a t i o n  o f  l in e a r  DNA in the transformant has led 
to  regenerat ion o f  the r e s t r i c t i o n  s i t e  in the two transformants w ith  
pDHG25 cut w i th  Bgl I I  and one w i t h  BamH I . In  the  case o f  a l l  3 
transformants w i th  Smal—1 inearised pDHG25 loss o f  the Smal  s i t e  has 
occurred.
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trans fo rm ing  DNA between yeast and A spe rg i1lus  (and perhaps Neurospora 
as w e ll)  is  th a t in  the filam entous fu n g i l in e a r  DNA is  re c irc u la r is e d  
w ith  h igh e f f ic ie n c y  upon e n try  in to  the  p ro to p la s t. P oss ib ly  a DNA 
lig a se  does th is .
Since the B g l l l  s i te  in  ARp1 and pDHG25. l ie s  in  the se lected  argB 
marker gene, the  l ig a t io n  o f l in e a r  plasmid DNA ends must occur very 
p re c is e ly . To confirm  th is  DNA was prepared from transfo rm ants o f  
A .n idu lans s tra in  G34, two w ith  pDHG25 lin e a r is e d  w ith  BamHI, two w ith  
B g lI I , and th re e  incubated  w ith  Smal  ( c o n t r o l ) .  These were th e n  
re s tr ic te d  again w ith  the same enzyme, and subjected to  Southern b lo t  
a n a lys is  (probe: pUC18) to  see whether the r e s t r ic t io n  s ite s  had been 
regenerated (F ig . 3 .16 ). I t  was found th a t  w h ile  one o f the  BamHI 
r e s t r ic te d  p lasm ids was r e l in e a r is e d  ( t r a c k  2 ) th e  o th e r  was n o t 
( tra c k  1). However, plasmids derived from B g ll l  d igested DNAs both 
re lin e a r is e d  ( tra c k s  3 and 4 ) . T h is  su g g e s ts  th a t  l i g a t i o n  in  
transfo rm ants o f l in e a r  plasmid ends may occur p re c is e ly  o r small 
sequence changes may occur.
Transform ations were a lso  ca rr ie d  ou t w ith  ARp1 re s tr ic te d  w ith  
Xhol. R e c irc u la r is a tio n  o f the la rg e s t Xhol  fragment would re s u lt  in  
the presence o f plasmid ARp1 w ith  the c e n tra l Xhol  fragments de le te d . 
I t  was observed th a t Xhol  re s tr ic te d  ARp1 transform ed A .n idu lans w ith  
a s im ila r  frequency as ARp1 lin e a r is e d  w ith  B g ll l  (F ig . 3 .1 5 ). When 
the s t a b i l i t y  o f Xhol  de le ted ARp1 transfo rm ants  was examined, i t  was 
found to  be the same as th a t o f ARp1 trans fo rm ants . Th is in d ic a te s  
th a t a) the ce n tra l unique region o f AMA1 contained w ith in  the  two 
ce n tra l Xhol fragments is  not required fo r  autonomous maintenance o f 
ARp1; and b) a p e rfe c t pa lindrom ic s tru c tu re  fu n c tio n s  as w e ll as a 
p a ir  o f inve rted  repeats separated from each o th e r.
3.11 E stim ation o f  plasmid copy number in  ARp1 transform ants
DNA was prepared from two transform ants o f A .n idu lans s tra in  G34 w ith  
ARp1 grown under s e le c tiv e  c o n d itio n s , and f iv e  a liq u o ts  taken from 
each prep con ta in ing  5 ug, 2.5 ug, 1.2 ug and 0.6 ug re s p e c tiv e ly  o f 
DNA. These were re s tr ic te d  w ith  EcoRI and subjected to  Southern b lo t  
an a lys is  using as a probe a ra d io la b e lle d  1.6-kb H in d l l l  fragment 
con ta in in g  most o f the A .n idu lans argB gene. The in te n s ity  o f bands 
corresponding to  the 7.4-kb EcoRI fragment o f ARp1 (co n ta in in g  the  
argB+ a l le le ) ,  and the approxim ately 9-kb fragment o f chromosomal DNA 
con ta in ing  the argB2 a l le le  were compared (F ig . 3 .1 7 ). The upper (9 -
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Table 3 .8 . A na lys is  o f  asexual progeny o f  3 heterokaryons between 
ARG+ ARp1 transform ants o f  A sperg i11us s t ra in  G034 CbiA1: argB2) , and 
s tra in s  G34 (yA2; argB2 methH2 ).
Growth Sample
Parent supplements %yA+ s ize
T1 meth, b i 100 32
T2 meth, b i 100 44
T3 meth, b i 100 22
T1 arg, meth, b i 20 210
T2 arg, meth, b i 49 144
T3 arg, meth, b i 46 138
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Kb) bands in  tra cks  5 and 9 re s p e c tiv e ly  are s l ig h t ly  less intense 
than the  lower (7 .4 -kb ) bands in  tra c k s  2 and 6 re s p e c tiv e ly . From 
th is  i t  can be deduced th a t the  7.4-kb band is  approxim ate ly 10x more 
in tense than the  9-kb band. Thus the plasm id copy number o f  ARp1 is  
about 10 per hap lo id  genome.
However, i t  is  poss ib le  th a t the o v e ra ll mean copy number may not 
r e f le c t  the actua l copy number in  an in d iv id u a l transform ed nucleus. 
The p ro p o rtio n  o f ARG+ c o n id ia l progeny o f ARp1 transform ants (35%) 
may r e f le c t  the p ro po rtio n  o f nuc le i w ith in  the  mycelium co n ta in ing  
ARp1. Th is would p a ra lle l the s itu a t io n  in  budding yeast where i t  has 
been shown th a t ARS plasmids are on ly  present in  5-20% o f s e le c t iv e ly  
growing c e lls  (Stinchcomb e t a l , 1979). I f  t h is  is  so, the tru e  mean 
copy number per transform ed nucleus would be 10/0.35 = 29 per nucleus. 
This compares w ith  a copy number o f 50-100 per c e l l  fo r  the yeast 2uM- 
c i r c le  episome and 5-20 per chromosome f o r  th e  p la sm id  ColE1 o f  
E .c o l i .
3.12 Test fo r  cy todu c tio n  o f  ARp1 between n u c le i in  A .n idu lans
Heterokaryons were prepared between 3 ARG+ transfo rm ants  o f  A .n idu lans 
s t r a in  G034 ( b iA 1: argB2) w ith  ARp1 and s t r a in  G34 (y A 2 : a rg B 2 
methH2 ) . S tandard methods were used (P o n te c o rv o  e t  a l , 1953 ;
C lu tte rbuck  1974). Once estab lished , the  heterokaryons were allowed to
3grow to  f i l l  a 9cm p e tr i p la te . 1mm cubes o f  mycelium taken from the 
p e r ip h e ry  were then used to  in o c u la te  new p la te s .  When c o lo n y  
p e rip h e rie s  had reached the edge o f these new p la te s , co n id ia  were 
harvested from the pe riphe ry , and p la ted  a) on MM supplemented w ith  
b io t in  and m e th io n in e , and b) on MM p lu s  b io t i n ,  m e th io n in e  and 
a rg in in e  (c o n tro l) .  The re s u lts  are summarised in  Table 3 .8 . On MM 
plus b io t in  and m ethionine no yA”  co lo n ies  were seen. On the co n tro l 
p la tes  an average o f 62% o f co lon ies were yA~. Approxim ately 2,000 
c o n id ia l progeny from each heterokaryon were then screened a t high 
d e ns ity  on MM p lus b io t in  and m ethionine fo r  yA”  co lon ies . None were 
observed. The lack o f any evidence fo r  t ra n s fe r  o f ARp1 between nuc le i 
(cy to d u c tio n ) suggests th a t ARp1 is  s t r i c t l y  confined w ith in  the 
transfo rm ant nucleus. This conforms w ith  the  observa tion  th a t the 
nuclear membrane does not break down du ring  m ito s is  in  A .n id u la n s . 
(Robinow and Caten, 1969).
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Progeny of pILJ16 ’ Progeny o f  ARp1
tfansformant transformant
Figure 3.18. Progeny o f  ARG+ transformants o f  A .n iger  w i th  pILJ16 and 
ARp1.
These have been grown on CM at 37°C fo r  about two days. Not ice t h a t  in 
the case o f  the ARp1 transformant progeny two d i s t i n c t  colony s izes 
are seen. The large colonies are ARG+ and the small ones are ARG- .
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3.13.1 Transform ation o f  A s p e rg illu s  orvzae and A s p e rg illu s  n ig e r w ith
ARp1
Transform ations o f  A.orvzae s tra in  YTH-13 ( a rgB ") and A .n ig e r s tra in  
350.52 ( argB52) were ca rr ie d  out under the same co n d itio n s  used fo r  
A .n idu lans w ith  one exception. The hyphae o f A .oryzae and A .n ig e r are 
la rg e r and the  hyphal w a lls  th ic k e r  than those o f  A .n id u la n s , and more 
re s is ta n t to  d ig e s tio n  w ith  NovoZym 234. D igestions o f m yce lia l w a lls  
to  re lease p ro to p la s ts  u t i l is e d  a NovoZym concen tra tion  o f  16mg per ml 
-  a fo u r - fo ld  h igher concen tra tion  than is  requ ired  in  A .n idu lans 
tra n s fo rm a tio n .
A sperg i1lus species in  submerged sh a ke -fla sk  c u ltu re s  tend to  form 
p e lle ts  (sp h e rica l m yce lia l aggregates) and i t  was thought th a t these 
m ight reduce hyphal w a ll d ig e s tio n  by NovoZym 234. T r in c i (1983) found 
th a t p e lle t in g  was prevented by a d d itio n  to  the  submerged c u ltu re  o f 
the a n io n ic  polymer Junlon-110. Here, w ith  respect to  A .oryzae, i t  was 
found th a t  a lth ou g h  Jun lon-110 in c re a s e d  th e  y ie ld  o f  m yce lium  
d ra m a tic a lly , and com pletely prevented p e lle t in g ,  the o v e ra ll y ie ld  o f 
p ro to p la s ts  was unchanged (data not shown). A d d itio n  o f the enzyme B- 
g lucuronidase was also found not to  increase p ro to p la s t y ie ld .
The re s u lts  o f  fo u r trans fo rm a tions  o f  A.oryzae and A .n ig e r w ith  
ARp1 and pILJ16 are shown in  Table 3 .9 . ARp1 transform s A.oryzae and 
A .n ig e r w ith  a 30x and up to  an 80x h igher frequency than pILJ16 
re s p e c tiv e ly . pDHG25 was found to  trans fo rm  A.oryzae a t a s im ila r  
frequency to  ARp1 (not tes ted  in  A .n ig e r) .
3 .13.2 S ta b i l i t y  o f  A.oryzae and A .n ig e r ARp1 transform ants
Conidia from ARp1 transform ants o f A .oryzae s t ra in  YTH-13 were p la ted  
on CM. I t  was found th a t due to  the ra th e r w ispy and ir re g u la r  colony 
morphology and asynchronous c o n id ia t io n , ARG+ and ARG”  co lon ies  were 
not d is t in g u is h a b le . However, when T riton-X 100 was added to  the  media 
.( f in a l concen tra tion : 0.0025%) sm a lle r, more d is t in c t  co lon ies  grew 
and more s tro n g ly  c o n id ia tin g  ARG+ co lon ies  were d is t in g u is h a b le  from 
weakly c o n id ia t in g  ARG”  ones. This in te rp re ta t io n  o f colony appearance 
was confirmed by s ta b -in o c u la tin g  a number o f  co lon ies  o f each type 
o n to  MM and MM p lu s  a r g in in e .  C o n id ia l  p ro g e n y  o f  f i v e  ARp1 
transform ants were examined (Table 3 .1 0 ). On average 48.6% o f  progeny 
were ARG+ (sample s ize : 584).
Progeny o f A .n ig e r  ARp1 tra n s fo rm a n ts  grown on CM showed two
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Table 3.9 Transform ation o f  A.oryzae and A .n ig e r w ith  ARp1 and pILJ16.
fiNumber o f  tra n s fo rm a n ts /10 p ro to p la s ts  
A.oryzae ARp1 pILJ16
1 100 0
2 6,000 220
3 400 0
4 700 o
A .n ig e r
1 660 66
2 40 64
3 1,200 15
4 approx. 40 o
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Table 3.10. S ta b i l i t y  o f  transfo rm ants  o f  A.oryzae and A .n ig e r w ith
ARp1.
ARG+ and ARG”  progeny from A.oryzae transform ants p la ted  on CM p lus 
T r ito n -X 1 0 0  cou ld  be d is t in g u is h e d  on th e  b a s is  o f  s t r e n g th  o f  
c o n id ia t io n . ARG+ and ARG”  progeny o f  A .n ig e r transform ants could be 
d is tin g u ish e d  on the basis o f  colony s ize .
A.oryzae Transform ing
plasmid
Sample
s ize
%ARG+
co lon ies
T ’ formant 1 ARp1 112 30
2 .. 116 31
3 " 95 63
4 •• 147 76
5 » 114 43
A .n ig e r
T ’ formant 1 ARp1 58 23
2 " 84 18
3 •• 89 26
4 76 20
“ 1 PILJ16 62 98
2 ■ 71 100
” 3 •• 153 100
4 .. 44 100
1 I I I 1
I--CI
•  *
8 9 I OI I !1 1 1 
pm
- b
- c
d
Figure 3.19. Southern b lo t  a n a ly s is  o f  ARp1 t ra n s fo rm a n ts  o f  
A .n idu lans and A .oryzae.
The b lo t  was probed w ith  rad io labe l led  pUC8. A l l  t ransformant DNAs 
were re s t r i c te d  with BamHI, which does not cut ARp1.
Lanes 1-3, DNA from 3 ARp1 transformants o f  A.nidulans s t r a in  AJC9.4; 
4-6 ,  3 ARp1 t  ransformants  o f  A. ni  du 1 ans s t r a i n  G34; 7 -9 ,  3 ARp1 
t ra n s fo rm a n ts  w i th  A.oryzae s t r a i n  YTH-13. 10, uncu t  ARp1 DNA
extrac ted from E . c o l i . Note: DNA in tracks  7 and 8 did not r e s t r i c t .
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d is t in c t  s izes o f  colony (F ig . 3 .1 8 ). That the  large  co lon ies  were 
ARG+ and the sm all co lon ies  ARG-  was confirm ed by su b cu ltu rin g  onto 
s e le c tiv e  and n o n -se le c tive  medium. C on id ia l progeny o f fo u r  ARp1 
transform ants were examined (Table 3 .1 0 ). An average o f 21% o f progeny 
were ARG+ (sample s iz e : 307). By comparison, among the progeny o f fo u r  
pILJ16 transfo rm ants o f  A .n ig e r 99.6% were ARG+ (sample s ize : 330).
3 .13.3 Southern a n a lys is  comparing ARp1 transfo rm ants  o f  A .n idu lans  
and A.oryzae
DNA from th ree  transform ants o f A.orvzae s t ra in  YTH-13 w ith  ARp1 grown 
under c o n d it io n s  s e le c t in g  f o r  m a in te n a n ce  o f  th e  p la sm id  was 
re s tr ic te d  w ith  BamHI and subjected to  Southern b lo t  ana lys is  using a 
ra d io la b e lle d  pUC8 probe. For comparison, BamHI d igested DNA from 
th ree  transform ants o f  A .n idu lans s tra in s  AJC9.4 and G34 w ith  ARp1, 
and ARp1 prepared from E .c o li was run in  ad jacent tra cks  (F ig . 3 .1 9 ). 
Four bands are seen designated A, B, C and D. In  tra cks  1-10 the two 
to p  bands, A and B, corresponding to  ARp1 monomer and dimer can be 
seen. U n in te g ra te d  p lasm id is  th u s  p re s e n t in  th e  th re e  A .o ry z a e  
transfo rm ants , as w e ll as th e  s ix  A .n idu lans  transfo rm ants. I t  can 
a lso be seen th a t no change in  plasmid s ize  has occurred. In  tra c k  1 
the band corresponding to  monomeric ARp1 (band B) is  absent. In  
a d d it io n , two lower bands, C and D are seen in  most o f  the 9 tra cks  
con ta in ing  transform ant DNA. Examination o f  re s u lts  o f a number o f 
Southern analyses o f BamHI digested ARp1 transfo rm ant DNAs suggests 
th a t bands C and D may correspond to  l in e a r  ARp1 dimer (C) and 
monomer (D). These may be the products o f  BamHI* a c t iv i t y  on a s in g le  
BamHI* s i te  in  ARp1, ra th e r than n o n -s p e c ific  n ic k in g  by contam inating 
DNase, which would re s u lt  in  the fo rm ation  o f  open c ir c le  monomer and 
dimer, and l in e a r  dimer in  a d d itio n  to  l in e a r  monomer.
There are a number o f reasons fo r  making th is  in te rp re ta t io n , ra th e r 
than th a t bands C and D represent ju n c t io n  fragments re s u lt in g  from 
/in te g ra tio n  o f ARp1. F i r s t ly ,  these two e x tra  bands are sometimes 
seen in  BamHI d ige s ts  but never B g lll d ig e s ts  o f ARp1 trans fo rm ant 
DNA. Secondly, these two lower bands are o fte n  not seen in  Southern 
analyses o f BamHI digested ARp1 transfo rm ant DNA. T h ird ly , the  same 
two low er bands are seen in  n ine  ARp1 t ra n s fo rm a n ts ,  s ix  f o r  
A .n idu lans and th ree  from A .oryzae: bands produced by in te g ra tio n  o f 
ARp1 would be u n lik e ly  to  be the same in  both species.
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Discussion and Future Prospects
The p ro p e r t ie s  o f  ARp1 d e sc rib e d  s t r o n g ly  su g g e s t t h a t  i t  is  
m aintained in  transform ants by means o f  autonomous re p lic a t io n ,  ra th e r 
than by in te g ra tio n  in to  and re p lic a t io n  w ith  the chromosome. Given 
th a t  t h is  is  so, the  q u es tio n  a r is e s  why p re v io u s  approaches to  
f in d in g  A sperg i11 us and Neurospora ARS plasmids have not succeeded. A 
p lausable exp lana tion  re s ts  w ith  the  Buxton and Radford hypothesis 
(1984) th a t an o ri. alone w i l l  not act as an ARS in  these species. Th is 
suggests th a t a tru e  A sperg i11 us ARS (e .g . AMA1) must con ta in , as w e ll 
as an o r i , some o the r element which enhances s t a b i l i t y .
P o ss ib le  ro le s  fo r  t h is  s t a b i l i t y  f a c t o r  a re  a ) a sequence 
s tim u la tin g  a c tiv e  p a r t i t io n in g  o f the  plasm id, analogous to  the SIB 
region o f the yeast 2uM c ir c le  (K iku ch i, 1983), b) a recombinogenic 
s i te  f a c i l i t a t in g  re so lu tio n  o f plasmid m ultim ers, analogous to  the 
Per s i te  o f  the E .c o li plasmid ColE1 (Summers and S h e rra tt, 1984), o r 
c) an element promoting plasmid copy number a m p lif ic a t io n , a ro le  
suggested fo r  the inve rted  repeats in  the yeast 2uM c ir c le  (Fu tcher, 
1986).
Sequences s tim u la tin g  plasmid p a r t i t io n in g :  The s t a b i l i t y  o f plasmids 
in  a number o f species has been found to  be enhanced by th e  presence 
o f a sequence o f DNA which in te ra c ts  w ith  the cytoske le ton  o r nuclear 
membrane during  d iv is io n . The SJB s i te ,  in  con junc tion  w ith  the tra n s ­
a c tin g  products o f two plasmid coding reg ions, REP1 and REP2, promote 
th e  e q u ip a r t i t io n in g  o f  the  yeas t 2uM c i r c l e  ( K ik u c h i , 1 9 83 ).
S im ila r ly ,  the par region o f b a c te r ia l plasmids R1 and pSC101 have 
been shown to  in te ra c t w ith  the b a c te r ia l membrane, a process which 
b rings about a c tive  plasmid p a r t i t io n in g  (Gustafsson e t a l , 1983). 
However, in  A sp e rg illu s  the on ly known source o f chromosomal sequences 
which m ight have such p ro p e rtie s  in  ARp1 is  the  centromere.
Recombinogenic s i te s :  There e x is ts  some e v id e n c e  to  s u p p o r t th e  
p o s s ib i l i t y  th a t the s ta b i l is in g  fa c to r  is  a recombinogenic s i te .  
R e su lts  in  s e c tio n  3 .6  suggest th a t  re c o m b in a t io n  between ARp1 
monomers to  form dimers occurs a t high frequency, and th a t re s o lu tio n  
o f dimers to  form monomers a lso  occurs. The poss ib le  ex is tence o f a 
recombination ho t-spot is  ind ica ted  by re s u lts  shown in  chapter 5. I t  
has been shown fo r  the E .c o li plasmid ColE1 th a t plasmid s t a b i l i t y  is  
c o rre la te d  inve rse ly  w ith  degree o f plasm id m u ltim e ris a tio n , and th a t
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Figure 3.20. H ypo the tica l mechanism by 
w hich th e  AMA1 in v e r te d  re p e a ts  may
argB p
AMA1
a m p lif ic a t io n  (based on Futcher, 1986).
Recombination between inverted  repeats when on ly  one has undergone 
re p lic a t io n  would th e o re t ic a l ly  re s u lt  in  a reversa l o f d ire c t io n  o f 
one DNA re p lic a t io n  fo rk  re la t iv e  to  the o the r (as shown) re s u lt in g  in  
double r o l l in g  c i r c le  re p lic a t io n . In  chapter 6 o f th is  th e s is  i t  is  
demonstrated th a t recombination does occur between the AMA1 inve rted  
repeats.
fac ing  page 63
s ta b i l is a t io n  o f  th is  plasmid is  e ffe c te d  by m ultim er re s o lu tio n  to  
form monomers. This is  mediated by a sequence, ce r, which s tim u la te s  
s i te  s p e c if ic  recombination (Summers and S h e rra tt, 1985). Conceivably 
ARp1 m ultim ers are resolved through a recom bination ho t-sp o t in  AMA1. 
However, th is  would im ply the ex is tence  o f some kind o f o r i  counting 
mechanism fo r  m a in ta in ing  plasm id copy number, as is  the  case fo r  
ColE1 and E . c o l i . The e x is te n c e  o f  such a mechanism c o u ld  be 
in v e s t ig a te d  a) by lo o k in g  f o r  reduced p la sm id  s t a b i l i t y  in  uvs 
recombination mutants and determ in ing  whether the re  was a concommitant 
increase in  m u ltim e risa tio n  and b ), c o n s tru c tin g  ARp1 d e r iv a tiv e s  w ith  
m u tip le  o r ig in s ,  which should have reduced s t a b i l i t y  i f  an o r ig in  
counting mechanism is  a c tiv e .
A precedent e x is ts  fo r  s tud ies  o f  funga l recombination mutants as an 
extension o f the  much more tho rough ly  in ve s tig a te d  DNA recombination 
systems in  E .c o l i : the re d  gene o f the  basidiomycete U s tila g o  mavdis 
has been found to  encode a p ro te in  which is  fu n c t io n a lly  homologous to  
the E .c o li RecA p ro te in  (Kmiec and Holloman, 1982)
Copy number a m p lif ic a tio n  and in ve rte d  repeats: That the inve rted
repeat s tru c tu re  o f AMA1 may be im portan t fo r  maintainance o f  the 
plasmid is  suggested by the s tru c tu re  o f the  2uM -c irc le  episome o f 
S .c e re v is ia e . This a lso  conta ins two inve rte d  repeats, o f  599 bp. 
Futcher (1986) has suggested a ro le  fo r  these in  plasmid copy number 
a m p lif ic a t io n . He observed th a t i f  recombination between inve rte d  
repeats occurred when on ly  one repeat had undergone DNA re p lic a t io n ,  
the d ire c t io n  o f one DNA re p lic a t io n  fo rk  would be reversed re la t iv e  
to  the o th e r. This would re s u lt  in  double r o l l in g  c i r c le  re p lic a t io n  
o f  the  p lasm id and copy number a m p l i f i c a t io n .  The fo rm a t io n  o f  
in ve rte d  d u p lic a tio n s  is  a lso  known to  be a common f i r s t  step in  gene 
a m p lif ic a tio n  in  mammalian c e lls  -  e .g . the  oncogenic polyoma v iru s  
m iddle T-an tigen in  transform ed ra t c e l ls  (Passananti e t a l , 1987). A 
diagram showing how th is  process could occur w ith  ARp1 is  shown in  
F ig . 3.20. Note th a t such recombination would generate new sequences 
(the  bottom o f the concatemer as shown in  F ig . 20). Southern b lo ts  
o f  B g ll l  d igests  o f ARp1 Aspergi H us trans fo rm an ts , using the argB as 
a probe, d id  not d e te c t th e  appearance o f  such p re d ic te d  no ve l 
sequences (data not shown).
I t  remains unclear whether the inve rted  repeat is  im portan t as a 
repeat, o r because o f i t s  inve rted  s tru c tu re , o r both (o r  n e ith e r ) .  
In  fu tu re , the c le a re s t answer to  th is  question  w i l l  come from iook ing
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a t the behaviour o f  ARp1 d e r iv a t iv e s  in  which the o r ie n ta t io n  o f  one 
o f  th e  AMA1 repea ts  in  r e la t io n  t o  th e  o th e r  has been in v e r t e d  
generating a d i r e c t  ra th e r than an in d i r e c t  repeat. This would leave 
th e  number o f  cop ies  unchanged, b u t  d e s t r o y  th e  in v e r t e d  re p e a t  
s t ru c tu re .
The probable presence in  AMA1 o f  a s t a b i l i s in g  element ra ises  the 
p o s s ib i l i t y  th a t  the o r i  on ARp1 might l i e  ou ts ide  the AMA1 sequence. 
Johnstone (1985b) found th a t  the plasmid pILJ16 transforms A .n idu lans 
w ith  a 2 5 - fo ld  h igher frequency than th e  plasmid from which the argB 
gene was derived, pSAL43. I t  is  poss ib le  th a t  the reason f o r  t h i s  
d i f fe r e n c e  is  t h a t  pUC8 sequences in  p IL J16  c o n ta in  a sequence 
recogn ised as an o r i  bv Aspergi H u s . Thus, t r a n s i e n t  p la sm id  
re p l ic a t io n  may occur which enhances the in te g ra t iv e  trans fo rm ation  
frequency. That t h i s  may be the case is  supported by work in vo lv in g  
a n s i . a n s i  is  found to  enhance t r a n s fo r m a t io n  e f f i c i e n c y  o f  th e  
plasmid pJDBl ( pvrG) , based on the b a c te r ia l  vec to r  pBR325, 50 -  100-
fo ld .  However, when inserted  in to  the pl)C18-based plasmid pA1 (argB+) 
ansi on ly  conferred a 4 - fo ld  increase in  trans fo rm ation  e f f i c ie n c y .  
pUC 18 d i f f e r s  f ro m  pUC8 o n ly  in  i t s  p o l y l i n k e r  se q u e n c e .  
(A l te rn a t iv e ly ,  t h is  d if fe re n ce  could be due to  the d i f f e r e n t  mode o f  
in te g ra t io n  o f  the markers.)
D if fe rences between Neurospora and A s p e rg i l lu s : An e n t i r e ly  d i f f e r e n t  
e x p la n a t i o n  f o r  b e in g  a b le  t o  i s o l a t e  a sequence  c o n f e r r i n g  
re p l ic a t io n  o f  an autonomous plasmid in  A sperg i11 us but not Neurospora 
l ie s  in  the d if fe re nces  between the c e l l u la r  s tuc tu res  o f  the  mycelia 
in  these two fu n g i.  Although in  Neurosopora mycelium is  in te r ru p te d  
by septa, nucle i move f r e e ly  between compartments, and anastomotic 
connections commonly form between hyphae (Atwood and P i t te n g e r ,  1955). 
On the  o th e r  hand, in  Aspergi 11 us n u c le i  do n o t move between 
compartments, and anastomoses are ra re ly  seen (C lu tte rbuck  and Roper, 
1.966). This is  thought to  be the basis o f  d if fe re n ce s  between the two 
genera in  the p rope rt ies  o f  heterokaryons. In  the case o f  Neurospora 
i t  has been found th a t  the  r a t i o  o f  two ty p e s  o f  n u c le i  in  a 
heterokaryon re f le c ts  the r a t io  o f  the  two types o f  con id ia  used in  
heterokaryon form ation, and th i s  r a t io  remains constant during growth 
(P i t te n g e r  and Atwood, 1955). This was so even where one nuclear type 
was much more abundant than the  o th e r ,  r e s u l t i n g  in  a s u b o p t im a l  
growth ra te .  In  o th e r  words Neurospora h e te ro k a ry o n s  do n o t  show
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a d a p t ive  change. In  c o n t r a s t ,  A s p e r g i11 us h e te ro k a ry o n s  do show 
adaptive  change o f  nuclear ra t io s  in  response to  environmental change 
(Warr and Roper, 1964). This appears to  be the re s u l t  o f  se le c t io n  
between hyphae, ra th e r  than in d iv id u a l  nuc le i (C lu tte rbuck  and Roper, 
1966).
I t  i s  poss ib le , then, th a t  ARp1 conta ins  on ly  an o r i ,  and no second 
sequence co n fe rr in g  s tab le  plasmid maintenance, and th a t  the plasmid, 
though poorly  maintained in  in d iv id u a l  n u c le i , ' “ is  maintained w ith in  
th e  m y c e l iu m  by s t r o n g  s e l e c t i o n  be tw een th e  h yp h a e . The 
h e te roka ryo n - l ike  appearance o f  ARp1 transform ants co lon ies  conforms 
w ith  t h i s  hypothesis. I f  t h i s  view i s  c o r re c t ,  i t  should a lso  be 
poss ib le  to  is o la te  autonomously re p l ic a t in g  plasmids f o r  P e n ic i I l iu m  
s ince adaptive change in  nuclear ra t io s  in  t h i s  genus has a lso  been 
demonstrate ( J in k s ,  1952), and in  o th e r  c o lo n ia l  f u n g i , b u t  n o t 
Neurospora.
Results shown in  section  3.10 suggest th a t  d e le t io n  o f  the ce n tra l two 
Xhol  fragments in  AMA1 does not reduce trans fo rm ation  frequency below 
th a t  o f  ARp1. Taken toge ther w ith  data se t out in  sections 3 .8 .2  and 
3 .8 .3 ,  t h i s  suggests the fo l lo w in g :  the  region o f  AMA1 c o n fe rr in g  the 
power to  re p l ic a te  f r e e ly  l ie s  in  each arm o f  the inve rted  repeat 
between the H in d l l l  and Xhol  s i te s .  That i t  does not l i e  w i th in  the 
unique ce n tra l region is  suggested by the almost complete lack o f  
re p l ico n  behaviour by pILJ20, and by the rep !icon  behaviour o f  Xhol  
dele ted ARp1 (sec tion  3.10). The p ro p e r t ie s  o f  pILJ23 and pILJ25: 
in te rm e d ia te  t ra n s fo rm a t io n  f re q u e n c y ,  la rg e  number o f  a b o r t i v e  
transform ants and extreme i n s t a b i l i t y  o f  transform ants, may r e f le c t  a 
reduction  o f  the plasmids’ a b i l i t y  to  re p l ic a te  and lends i t s e l f  to  
two basic in te rp re ta t io n s .  F i r s t l y ,  th a t  the regions c o n fe rr in g  f re e  
re p l ic a t io n  are bissected by the EcoRI s i te s  in  AMA1, such th a t  
pILJ23 and pILJ25 have diminished re p lico n  behaviour and pILJ20 almost 
none. Secondly, th a t  the re levan t sequence is  present in  pILJ23 and 
pILJ25, but th a t  two copies o f  i t ,  o r  the inve rted  repeat s t ru c tu re *  
o r  both are required fo r  f u l l  rep l ico n  a c t i v i t y .
In  sec tion  3.10 i t  is  a lso suggested th a t  l ig a t io n  o f  ends o f  l in e a r  
transfo rm ing  DNA in filamentous fung i but not in  yeast is  the reason 
why on ly  in  yeast does the use o f l in e a r  transform ing DNA s t im u la te  
gene replacement. . An a l te rn a t iv e  exp lanation  l ie s  w itb  the p ro p e r t ie s  
o f  the polymerase-nuclease believed to  i n i t i a t e  DNA recombination by
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asymmetric strand t ra n s fe r  (Meselson and Radding, 1975). Th is , i t  has 
been suggested, has a h igher a f f i n i t y  f o r  i t s  substra te  in  yeast than 
in  o th e r  fungi such as Neurospora. Thus, in  yeast, the  ends o f  
l in e a r  DNA, by being e f fe c t iv e  substra tes  f o r  the strand t ra n s fe r  
re ac t ion , may s t im u la te  homologous recombination more s tro n g ly .
As described in  section 3.11, a lthough the mean ARp1 copy number per 
h a p lo id  genome is  a p p ro x im a te ly  1 0 , th e  mean copy number p e r 
transformed nucleus is  l i k e l y  to  be approximately 30. Th is  would be 
th e  c a s e ,  i t  was a rg u e d ,  i f  t h e  p r o p o r t i o n  o f  ARG+ c o n i d i a l  
t r a n s f o r m a n t  p ro g e n y  was a r e f l e c t i o n  o f  th e  p r o p o r t i o n  o f  
trans fo rm ed  n u c le i .  However, the  p o s s i b i l i t y  e x i s t s  t h a t  p la s m id  
i n s t a b i l i t y  may be a p roperty  o f  con id iogenesis , occu rr ing  on ly  during  
the rap id  nuclear d iv is io n s  which occur in  the p h ia l id e  to  generate 
the co n id ia l  n u c le i.  ARS plasmids in  budding yeast have been found to  
show a s tro n g  b ias  to  segregate t o  th e  m o the r c e l l  (M u rray  and 
Szostak, 1984). I t  has been observed th a t  the s im i l a r i t y  o f  yeast 
budding and co n id ia l  development from ph ia l ides may r e f le c t  the common 
ancestry in  evo lu tion  o f  these two Ascomvcetes. However, the  s l i g h t l y  
he te rokaryon-1  ike  appearance o f  A R p 1 - tran s fo rm e d  c o lo n ie s  a rgues 
against ARp1 i n s t a b i l i t y  being confined to  conid iogenesis.
The sequence AMA1 shows c lea r  p o te n t ia l  f o r  use in  the development o f  
plasmid c lon ing  vectors f o r  Aspergi H us  species. The plasmid pDHG25 
may serve  as such a v e c to r .  I t  has th e  same h ig h  f re q u e n c y  o f  
trans fo rm ation  and re la t iv e  s t ru c tu ra l  s t a b i l i t y  as ARp1, but a lso  is  
1 kb sm a lle r, and contains a unique BamHI s i t e  in to  which pseudorandom 
SauIIIA  digested chromosomal DNA could be inse rted  to  form a gene 
bank.
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CHAPTER 4
Cotransformation o f  autonomous and in te g ra t iv e  plasmids
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In tro d u c tio n
Possib le  mechanisms o f  co trans fo rm a tion
The i n i t i a l  d iscovery o f  high le ve ls  o f  co transform ation o f  unselected 
DNA during  trans fo rm ations  o f  b a c te r ia  (Kretschmer e t  a l ,  1975) and 
yeast (Hicks e t  a l ,  1978) was in te rp re te d  as fo l lo w s : on ly  a small
subpopulation o f  those c e l l s ,  o r p ro to p la s ts  used in  a trans fo rm a tion  
were t r u l y  competent to  be t ra n s fo rm e d .  T h is  s u b p o p u la t io n  g e ts  
m u l t ip ly  transformed, e i th e r  by one o r  more transform ing  DNA species. 
Subsequent to  i t s  d is co ve ry  c o t r a n s fo r m a t io n  has been used in  a 
v a r ie ty  o f  organisms, inc lud in g  u n ic e l lu la r ,  dimorphic, f i lam entous 
and o the r fu n g i,  fo r  a number o f  processes. These inc lude in t ro d u c t io n  
o f  unse lec ted  DNA, one s tep  gene re p la c e m e n t ,  lo c u s  d i r e c t e d  
mutagenesis and lo c a l is a t io n  o f  genes w i th in  large s tre tches  o f  cloned 
DNA. During the course o f  some o f  t h i s  work i t  has become c le a r  th a t  
in  a d d it io n  to  the existence o f  a small subpopulation o f  competent 
p r o to p la s ts ,  a second f a c t o r  u n d e r l ie s  c o t r a n s f o r m a t io n , nam ely: 
recom b ina tion  between t ra n s fo rm in g  p la s m id s  upon e n t r y  i n t o  th e  
p ro to p la s t .
The s im plest in d ic a t io n  o f  the occurence o f  such plasmid recombination 
would be the re s u l t in g  genetic  l inkage o f  independently introduced 
genes. Suppose th a t  co transformation re s u lts  from the in te g ra t io n  in to  
the chromosome o f  plasmids p rev iou s ly  recombined in to  a co in te g ra te  
s t r u c tu r e :  the  two plasmids would th e n  be in t e g r a te d  a t  th e  same 
locus. In  the case o f an autonomously-maintained plasmid cotransformed 
w ith  an in te g ra t iv e  one, recombination would re s u l t  in  the fo rm ation  
o f  an autonomously r e p l i c a t i n g  c o in t e g r a t e .  C o n v e rs e ly ,  i f  no 
recombination occurs, two in te g ra t in g  plasmids would be expected to  
i n t e g r a t e  a t  d i f f e r e n t  l o c i ;  t h e  b a s is  o f  m a in te n a n c e  o f  
c o tra n s fo rm in g  autonomous and i n t e g r a t i n g  p la sm id s  would  rem ain  
unchanged, remaining un integrated and in te g ra ted  re sp e c t ive ly .
The o c c u r re n c e  o f  r e c o m b in a t io n  be tw een p la s m id s  d u r in g  
recombination suggests an a l te rn a t iv e  exp lana tion  o f  recombination to  
the competent p ro to p la s t subpopulation model. I t  is  poss ib le  th a t  DNA 
Uptake in to  a l l  p ro top las ts  occurs q u i te  e f f i c i e n t l y ,  and th a t  the 
r a t e  l i m i t i n g  s te p  i s  i n t e g r a t i o n  i n t o  th e  chromosom e. T h a t  
trans fo rm ation  is  l im ite d  by homologous recombination has been shown 
in  yeast, where increasing ava ila b le  homology increases trans fo rm a tion
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MODEL A
1% of .protoplasts 1% transform ation
competent.
MODEL B
Integration
100% of protoplasts 100% of protoplasts 1% integration,
competent. take up DNA.
Key: QUncom petent protoplast.
^C om peten t protoplast.
H  Protoplast having taken up DNA.
0  Transformed protoplast.
F igu re  4 .1 . Schematic r e p re s e n ta t io n  o f  two models o f  e ve n ts  
under ly ing  co transform ation in  fu n g i.
These models describe a hypo the t ica l s i tu a t io n  where 1% o f  p ro top las ts  
are transformed, and 100% o f  transformants cotransformed.
A, Competent p ro to p la s t  model: Here only one o f  100 p ro top la s ts  is  
competent; DNA uptake in to  t h i s  one p ro to p la s t occurs e f f i c i e n t l y ,  
fo l low ed by e f f i c i e n t  s ta b le  in te g ra t io n  in to  the chromosome.
B, Recombination model: Here a l l  th e  p r o t o p la s t s  a re  e q u a l ly  
competent. DNA uptake occurs e f f i c i e n t l y ,  fo l low ed by a high frequency 
o f  recombination between transform ing DNAs. However, the p ro b a b i l i t y  
o f  s ta b le  in te g ra t io n  occu rr ing  in any p ro to p la s t  is  on ly 1%.
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frequency (Szostak and Wu, 1979).. I f  the frequency o f  recombination 
between p lasm ids was much h ig h e r  th a n  t h i s  l i m i t i n g  r a te  th e n  a 
s i tu a t io n  would e x is t  in  which co transform ation  might occur a t  the 
fre q u e n c ie s  seen w i th o u t  the  e x is te n c e  o f  any s u b p o p u la t io n  o f  
competent p ro to p la s ts ,  since rare homologous recombination events 
be tw een p la s m id  and chromosome w ou ld  be l i k e l y  t o  r e s u l t  in  
in t e g r a t io n  o f  p lasm id h e te ro d im e rs .  Thus th e  h ig h  f re q u e n c y  
trans fo rm ation  o f  unselected DNA seen in  co transform ation depends on 
p lasmid recom b in a t ion . The two models o f  c o t r a n s fo r m a t io n  a re  
schem atica lly  represented in  F ig . 4.1.
A l te rn a t iv e ly ,  plasmid recombination may be pure ly  in c id e n ta l  to ,  
and not essen t ia l f o r  co transfo rm ation ; i f  t h i s  is  so, the competent 
p ro to p la s t  su b p o pu la t io n  model o f  fu n g a l  c o t r a n s fo r m a t io n  may be 
co rre c t .
A review o f  the behaviour o f  cotransform ing plasmids observed in  a 
range o f  organisms gives some idea to  what ex ten t recombination is  a 
causal fa c to r .
Cotransformation o f  the yeasts
High frequency o f  cotransform ation in  Saccharomvces ce rev is ia e  was 
f i r s t  reported by Hicks e t al (1978) using two in te g ra t iv e  plasmid 
v e c to rs .  Th is  was in te rp re te d  as r e f l e c t i n g  th e  p resence  o f  a 
subpopulation o f  competent c e l ls .  The authors speculated th a t  a c e l l ’ s 
p o s it io n  in the c e l l  cyc le  might determine i t s  competence.
When an in te g ra t in g  plasmid ca rry ing  the E .co l i  gene co n fe rr in g  
re s is ta n c e  to  the  a n t i b i o t i c  G418 on Tn601(903) was added to  
trans fo rm ations  w ith  an autonomous plasmid ca rry in g  the LEU2 gene, 8% 
cotransform ation to  G418 resistance was observed (Jimenez and Davies, 
1980). I t  was found th a t  under n o n - s e le c t i v e  c o n d i t i o n s  th e  G418 
res is tance and LEU2 genes were lo s t  a t  the same frequency. This was 
in te rp re te d  as meaning th a t  c o t r a n s fo r m a t io n  was th e  r e s u l t  o f  
recombination o f  the two plasmids. Th is was confirmed by Southern b lo t  
a na lys is , and by re is o la t io n  in to  E .c o l i  o f  the plasmid co in teg ra te s . 
The report o f  t h is  work does not s ta te  whether homologous o r non- 
homologous recombination had occurred. In subsequent work, however, 
in  v i v o  hom ologous r e c o m b in a t io n  o f  e p is o m a l and ( n o r m a l l y )  
in te g ra t in g  plasmids was used fo r  the purposes o f  plasmid co n s tru c t io n  
(V a linge r e t a l ,  1989)..
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A d i f f e r e n t  type o f  cotransform ation occurred when an autonomously 
re p l ic a t in g  plasmid ca rry ing  the gene TRP1 was cotransformed w ith  
l in e a r  DNA fragm ents  c a r ry in g  th e  y e a s t  HAT gene ( S i l i c i a n o  and 
T a tc h e l l ,  1984). In  1% o f  TRP+ transform ants in te g ra t io n  o f  the MAI 
gene in to  the chromosome had occurred. In  another study th i s  type o f  
co transform ation  was found to  occur a t  a frequency o f  4% (Rudolph e t 
a l ,  1985).
In  th e  f i s s i o n  y e a s t  S c h iz o s a c c h a ro m v c e s  pombe hom ologous 
recombination between autonomously re p l ic a t in g  plasmids has been shown 
to  occur a t  h igh frequency to  form multimers (o r  polymers) o f  10 o r 
more plasmid copies (Sakaguchi and Yamamoto, 1983). I t  was a lso  found 
th a t  i f  a leu1 ura l s t ra in  o f  S.pombe was transformed w ith  the non­
re p l ic a t in g  YIp32 plasmid ca rry ing  the S .ce rev is ia e  gene LEU2, p lus an 
autonomously re p l ic a t in g  plasmid ca rry in g  the u ra l gene, a 250 -  280- 
fo ld  in  the frequency o f  trans fo rm ation  to  LEU+ over th a t  using YIp32 
alone, occurred (Sakai e t  a l ,  1984). 20 such LEl)+ co lon ies when tes ted  
were a l l  found to  be a lso  URA+ . Both phenotypes were found to  be lo s t  
under n o n -s e le c t iv e  c o n d i t io n s .  S ou the rn  a n a ly s is  sugges ted  t h a t  
homologous recombination between plasmids had led to  the production o f  
la rg e  he te ropo lym ers  c o n ta in in g  a 10 t o  1 r a t i o  o f  u ra l  t o  LEU2 
plasmid.
Homologous recombination between autonomously re p l ic a t in g  plasmids 
has been described in another yeast. Kluyveromvces la c t i s  (Bianchi e t 
a l , 1989). The plasmids involved were the res iden t K . la c t is  yeast 2uM 
plasmid homologue, pKD1, and trans fo rm ing  d e r iv a t iv e s  o f  i t .  P a ra l le l  
s tud ies in  S .ce rev is iae  w ith  S .ce rev is iae  plasmids y ie lded  s im i la r  
re s u lts  (Thomas and James, 1980).
Cotransformation o f  dimorphic fungi
When the dimorphic fungus Yarrowia 1ip o lv t i c a  was transformed w ith  a 
plasmid gene l ib r a r y  ca rry ing  the LYS2 gene, tandem arrays o f  2-10 
copies o f  incoming DNA were found to  be in teg ra ted  in to  the genome 
(G a iH a rd in  e t a l ,  1985). When two LYS+ transform ants w ith  5 and 10 
in teg ra ted  copies were subjected to  Southern ana lys is  i t  was found 
th a t  each in tegra ted  plasmid copy in  the tandem array had a d i f f e r e n t  
DNA l ib r a r y  in s e r t .  I t  was in fe r re d  th a t  homologous recombination 
between plasmids had led to  the form ation o f  plasmid multimers which 
had subsequen tly  in te g ra te d  in to  th e  chromosome. In  a s e p a ra te  
experiment 2/12 LYS+ transformants were found to  be cotransformed w ith
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an unselected DNA sequence (G a iH a rd in  e t  a l ,  1985).
More complex c o tra n s fo rm a t io n  e v e n ts  were observed  in  s tu d ie s  
in vo lv in g  the pathogenic, d ip lo id ,  d imorphic fungus Candida a lb ic a n s . 
An autonomous ARS plasmid o f  t h i s  species was found to  recombine to  
form la rg e  p lasm id o l igo m ers , c o n s is t in g ,  o f  head t o  t a i l  tandem 
repeats (Kurtz  e t  a l ,  1987). A d e r iv a t iv e  o f  t h i s  plasmid ca rry in g  
URA3 was used to  cotransform a LEU+ ura3 s t r a in ,  w ith  a plasmid 
ca rry ing  a leu2 gene d isrup ted  by an in s e r t  o f  phage lambda DNA (K e l ly  
e t  a l ,  1988). Colony h y b r id is a t io n  was ca r r ie d  out using a lambda DNA 
probe. 30% o f  c o lo n ie s  were found t o  c o n ta in  lambda DNA, and 5 
s tro n g ly  h y b r id is in g  s tra in s  were picked and cured o f  the URA3 ARS 
plasmid. Southern ana lys is  o f  the cured s t ra in s  showed th a t  one copy 
o f  the LEU2 gene had been d is rup ted  in  3 out o f  5 cases. However, in  
the o the r 2 the lambda DNA was lo s t  w ith  the ARS plasmid, im ply ing 
th a t  i t  had recombined w ith  i t .
Cotransformation o f  basidiomycete fung i
Wang e t al (1989) used co transform ation to  id e n t i f y  a DNA fragment 
ca rry in g  a fe rr ichrom e b iosynthes is  gene in  the  corn smut fungus, the 
basidiomycete U s t i lago  maydis. Transformations were ca rr ie d  out o f  a 
Fee”  s t r a in  w ith  the l in e a r  DNA fragments produced by r e s t r i c t io n  w ith  
H in d l l l  o f  a cosmid w ith  a hygromycin B gene in  the vec to r sequence, 
and an uncharacterised 46 kb in s e r t  con ta in ing  Fec+ . 28% o f  the 
r e s u l t in g  HYG+ tra n s fo rm a n ts  were fou nd  t o  be Fec+ . In  a f u r t h e r  
experiment, one H in d i I I  fragment o f  the cosmid in s e r t  subcloned in to  
pUC18 was found to  cotransform w ith  a HygB plasmid to  Fec+ a t a 
frequency  o f  48%. Thus, in  t h i s  case c o t r a n s fo r m a t io n  o f  a HygB 
plasmid w ith  non-homologous l in e a r  DNA and homologous cccDNA both 
re s u l t  in  high leve ls  o f  co transform ation.
High le v e ls  o f  c o tra n s fo rm a t io n  have a ls o  been observed  in  th e  
basidiomycete fungus Coprinus c ine reus . Mellon e t al (1987) found 48% 
o f  TRP+ transformants were cotransformed w ith  the unselected acu-7 
gene. In te g ra t io n  o f  the l a t t e r  gene had occurred non-homologously and 
m u l t ip l y ,  a t  d i f f e r e n t  s i t e s  around th e  genome. H ig h e r  l e v e l s  o f  
co transform ation o f  t h is  species w ith  unselected DNA was reported by 
Casselton and Herce (1989).
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C otransform ation o f  ascomycete filam en tous  fu n g i
Cotransformation o f  Neurospora crassa was f i r s t  reported by Vollmer 
and Yanofsky (1986); Austin  and T y le r  (1990), in  s tud ies using the qa- 
2 and BmlR (benomyl res is tence) genes observed a maximum o f  80-90% 
cotransfo rm ation . A l l  trans fo rm ations  invo lved  plasmid in te g ra t io n .
A c le a re r  study o f  the mechanism o f  co transform ation  i t s e l f  invo lved 
the ba r ley  le a f  spot and glume b lo t  disease fungus, Septoria  nodorum 
(Cooley e t  a l , 1990). Three d i f f e r e n t  DNAs were found  t o  have 
cotransformed transform ants w ith  HygB a t  a frequency o f  50%, inc lu d in g  
one plasmid w ith  the coding region o f  the E .c o l i  LacZ gene fused to  
the expression s igna ls  o f  the A .n idu lans gdp gene. In each case a 
large number o f  "a b o r t ive  " co lon ies were seen. In co transform ations 
in vo lv in g  the HygB and lacZ fus ion  genes 112 "ab o rt ive s "  were picked 
and grown on medium con ta in ing  Xgal ( the  chromogenic subs tra te  f o r  B- 
g a la c tos id ase ), in  the absence o f  hygromycin. None showed the presence 
o f B -galactosidase. I t  was in fe r re d  th a t  the p ro top las ts  producing 
"ab o rt ive s "  are d e f ic ie n t  in  an esse n t ia l step in  trans fo rm a tion  and 
are not an in te rm ed ia te  stage in  which the f i n a l  step, in te g ra t io n ,  
occurs on ly a t  a low frequency. Cooley e t  al concluded th a t  t h e i r  
re s u lts  suggested the existence o f a small subpopulation o f  competent 
p ro top las ts .
C o tra ns fo rm a tio n  has been observed in  a number o f  A s o e rg i  11 us 
species observed inc lu d ing  A.oryzae (Russ e t  a l ,  1990). A .n idu lans 
(Wernars e t  a l , 1985) and A .n iger (K e l ly  and Hynes, 1985). In  one 
s tudy o f  A .n ig e r  (Goosen e t  a l , 1989) a py rA +t r p C *  s t r a i n  was 
trans fo rm ed  w i th  a c o n s t ru c t  c o n s is t in g  o f  th e  A. n i ge r t rp C  gene 
d is ru p te d  by in s e r t io n  o f  a lacZ gene in  fram e i n t o  th e  c o d in g  
sequence. 20% o f  PYR+ transformants were found to  express lacZ . but 
none were trpC~. Where instead o f  the trpC - lacZ plasmid, a l in e a r  DNA 
fragment con s is t ing  o f  the lacZ gene flanked  by short sequences o f  
th e  t r p C  gene , 0.15% o f  PYR+ t r a n s f o r m a n t s  were fo u n d  t o  be 
..cotransformed to  LAC+TRP“ . Southern a n a lys is  o f  these cotransformants 
showed th a t  a one step gene replacement event invo lv ing  the lacZ- trpC 
DNA fragm ent had occurred  a t  the  r e s id e n t  t rp C *  a l l e l e  c a u s in g  
mutagenesis. In a d d it io n ,  m u lt ip le  in te g ra t io n  o f  pyrA*  sequences a t 
th e  p y rA  lo c u s  had o c c u r r e d .  The i n c id e n c e  o f  PYR+ LAC+TRP+ 
cotransformants was 0.016%. 
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A s p e r g i l lu s  n id u la n s . In  most o rgan ism s la c k  o f  homology between 
t ra n s fo rm in g  p lasm id and the  genome o f  th e  r e c ip i e n t  o rgan ism  
depresses frequency o f  in te g ra t iv e  tran s fo rm a tio n . This was not found 
to  be the case in  trans fo rm ations  In vo lv in g  the  amdS (acetamidase) 
gene and the amdS~ d e le t io n  mutants o f  A .n idu lans (Wernars e t  a l , 
1985). In  a d d it io n ,  Southern ana lys is  o f  AMD* transform ant DNA showed 
the presence o f  up to  21 in tegra ted  copies o f  the vec to r sequences in 
a tandem a rray . A considerable degree o f  ve c to r  rearrangement was a lso 
observed in  these arrays, as ' was a h igh degree o f  re c ip ie n t  s t ra in  
v a r ia t io n  w i th  respec t to  in c id e n ce  o f  m u l t i p l e  i n t e g r a t i o n s .  To 
e x p la in  these f in d in g s  i t  was proposed t h a t  upon e n t r y  i n t o  th e  
p ro to p la s t  recombination between plasmids occurred, mediated by a non- 
homologous recombination system, generating "scrambled" co in teg ra tes  
which subsequently in teg ra ted . The d if fe re n c e s  between s t ra in s  would 
r e f le c t  genetic  v a r ia t io n  in  t h i s  recombination system.
In trans fo rm a tions  invo lv ing  the amdS gene 95% co transform ation  w ith  
the trpC gene was found to  occur (Wernars e t  a l ,  1987). In a complex 
e x p e r im e n t  an amdS"  TRP+ s t r a i n  was t r a n s fo r m e d  t o  AMD+ and 
cotransformed w ith  a non-functiona l trpC  gene con ta in ing  an in-fram e 
lacZ in s e r t io n .  10 AMD+LAC+TRP”  transform ants were id e n t i f ie d .  Two o f  
these, when transformed to  TRP+ w ith  the trpC *  gene, y ie lded  a low 
frequency o f  transformants which were LAC~AMD~. This im p lies  th a t  
in t e g r a t io n  o f  the  amdS gene had o c c u r re d ,  w i t h  th e  t r p C - 1 acZ 
sequence, a t the res ident trpC locus. Thus, gene replacement by the 
trpC*  gene had resu lted  in  loss o f both amdS*  and lacZ sequences. This 
was confirmed by Southern ana lys is  o f  transfo rm ant DNA and in te rp re te d  
as meaning th a t  recombination o f  trpC- lacZ and amdS sequences had 
occurred p r io r  to  in te g ra t io n  in to  the chromosome.
C o tra ns fo rm a tion  o f  l in e a r  DNA w i t h  t r a n s fo r m in g  cccDNA in  
A .n idu lans is  a lso  known to  occur (Timberlake e t a l ,  1985). This was 
used to  locate cloned genes w ith in  cosmid in s e r ts :  co transform ations 
were f i r s t  ca rr ie d  out using r e s t r i c t i o n  d iges ts  o f  the cosmids w ith  
a v a r ie ty  o f  enzymes. Then, when those enzymes which d id  not cu t 
w ith in  the gene o f  in te re s t  had been id e n t i f ie d ,  co transform ations 
w ith  gel p u r i f ie d  ind iv idu a l r e s t r i c t io n  fragments generated by those 
enzymes were ca rr ie d  out. These were found to  cotransform ARG+ o r  TRP+ 
transformants w ith  a frequency o f  about 10%. Thus the r e s t r i c t i o n  
fragments ca rry in g  the genes o f  in te re s t  were id e n t i f ie d  w itho u t the 
need to  cons truc t a large number o f  subclones from the cosmid in s e r ts .
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C otransform ation o f  o th e r eukaryotes
Protozoa: In  the slime mold D ic tyos te lium  discoideum cotransform ation 
w ith  in te g ra t in g  plasmids has been demonstrated, in vo lv in g  about 100 
copies o f  each plasmid (Nellen and F i r t e l ,  1985). These are present as 
la rge , head to  t a i l  tandem arrays o f  one o r the o ther plasmid, ra th e r 
than arrays con ta in ing  both plasmids. Whether both tandem arrays 
in te g ra te  a t the same s i te  is  not c le a r .  In  a fu r th e r  study ca rr ie d  
out under d i f f e r e n t  con d it io ns , co transfo rm ation  was found to  invo lve  
homologous recombination between the two plasmids (Katz.and Ratner, 
1988). However, when no homology e x is t e d  between p la s m id s ,  non- 
homologous recombination occurred, re s u l t in g  in  s im i la r  le ve ls  o f  
co transfo rm ation .
P la n ts :  C o trans fo rm a tion  can occu r in  most p la n t  t r a n s fo r m a t io n  
systems w ith  v a ry in g  f re q u e n c ie s ,  e .g .  10-15% in  Chiamvdomonas 
re in h a rd t i i  (K ind le , 1990). This may invo lve  the in te g ra t io n  o f  large 
plasmid concatemers, e.g. in  tran s fo rm a tion  by e le c t ro p o ra t io n  o f  
N ic o t in ia  tabacum (tobacco) (Riggs and Bates, 1986). On the o the r 
hand, cotransform ation o f  N .ru s t ica  v ia  t ra n s fe c t io n  by Agrobacterium 
rhizogenes w ith  T-DNA plasmids invo lves  the in te g ra t io n  o f  low copy 
numbers o f  the two cotransform ing plasmids a t separate chromosomal 
s i te s  (Hamill e t  a l ,  1987).
Nematodes: Transformation o f  the nematode worm Caenorhabditis elegans 
has been achieved by m ic ro in je c t io n  w ith  plasmid cccDNA (Stinchcomb e t 
a l , 1985). In t h i s  case in te g ra t io n  . in to  the chromosome does not 
occur; ra the r, transform ing DNA is  maintained extrachromosomally in  
the form o f  la rge , head to  t a i l  concatemers con ta in ing  80-300 plasmid 
sequences, presumably the re s u l t  o f  homologous recombination between 
plasmids. I f  l in e a r  plasmid DNA is  used, concatemers con ta in ing  both 
head to  head, and head to  t a i l  arrangements o f  plasmids occur. This 
was in te rp re te d  as the re s u l t  o f  the l ig a t io n  o f  l in e a r  plasmid ends.
Cultured insec t and mammalian c e l ls :  Cotransformation o f the f r u i t  f l y  
Drosophila melanogaster heat shock gene w ith  a se lec tab le  marker was 
demonstrated in  a D.hvdei cu ltu red  c e l l  l in e  (S in c la i r  e t a l ,  1985). 
Transformed c e l ls  were found to  conta in  tandem arrays o f  50-100 copies 
o f  the cotransform ing plasmid, arranged head to  t a i l ,  in tegra ted  in to  
the chromosome. Whether or not in te g ra t io n  o f  the two plasmid species
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had occurred a t  the same s i te  was not in ve s t ig a te d .
C o tra n s fo rm a t io n  o f  mammalian c e l l s  o c c u rs  a t  h ig h  f re q u e n c y .  
W ig ler e t  al (1979) found th a t  15 out o f  16 t k + (thym idine kinase) 
transformants o f  cu ltu re d  mouse c e l l  l in e  L tk  contained unselected 
cotransform ing plasmid sequences. Again, these were present as tandem 
repeats o f  up to  100 copies, arranged in  a head to  t a i l  tandem a rray , 
i n t e g r a t e d  i n t o  th e  chromosome; and a g a in ,  w h e th e r  o r  n o t  
c o in te g ra t io n  o f  the  two p lasm id  s p e c ie s  a t  a s in g le  s i t e  had 
occurred was not inves t iga ted .
That homologous recombination does occur between DNAs trans fo rm ing  
mammalian c e l l s  was demonstrated when plasmids con ta in ing  the same 
polyoma v i r u s  gene sequences w i th  d i f f e r e n t  gene le s io n s  were 
trans fe c te d  toge the r in to  Rat-1 c e l ls  (Pomerantz e t  a l , 1983). This 
resu lted  in  form ation  o f  the w i ld - ty p e  gene a t  high frequency, as 
evidenced by high le ve ls  o f  c e l lu la r  tran s fo rm a tion .
General d e s c r ip t io n  o f  co transform ation
O v e ra l l , , s im i la r  processes appear to  g ive r is e  to  co transform ation  in  
a v a r ie ty  o f  eukaryo tic  species. The exception to  t h is  is  the yeast 
S .ce re v is ia e , where l in e a r  DNA ends s t im u la te  DNA in te g ra t io n .  In many 
o the r species examined, e.g. D.discoideum, A .n idu lans and C.elegans 
trans fo rm ation  o f  l in e a r  DNA re su lts  in  the l ig a t io n  o f  l in e a r  DNA 
ends, to  form plasmid monomers o r concatemers, and no marked increase 
in  p lasm id in t e g r a t io n  in to  the  chromosome. However, a 1 0 - f o ld  
enhancement o f  in t e g r a t io n  by l i n e a r i s i n g  DNA has r e c e n t l y  been 
re po rted  in  A .n id u la n s  (Mayorga and T im b e r la k e ,  1990). These 
exceptions having been noted, ce r ta in  loose ru le s  can be adduced from 
the  re s u lts  described in th is  review to  describe how DNA species w i l l  
behave in co transform ations.
I )  C o t r a n s f o r m a t io n  u s u a l l y  i n v o l v e s  r e c o m b in a t io n  be tw een  
cotransform ing DNAs to  form plasmid co in teg ra te s .
I I )  Where homology e x is ts  between two cotransform ing DNA species, 
c o in teg ra t io n  w i l l  occur by homologous recombination; where i t  does 
not, non-homologous recombination w i l l  r e s u l t  in  c o in te g ra t io n  a t  a 
lower frequency.
I I I )  Cotransformation, as opposed to  simple trans fo rm a tion , in v o lv in g  
in te g ra t io n  in to  the chromosome occurs more re a d i ly  where there  is  an 
impediment to  homologous in te g ra t io n  in to  the chromosome. This could 
be due to  lack o f  homology between trans fo rm ing  DNA and chromosome
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(e .g . t rans fo rm a tion  o f  an amdS d e le t io n  mutant o f  A .n idu lans w ith  the 
amdS gene; Wernars e t a l , 1985); o r to  large genome s ize .
IV) Cotransformation w ith  an unselected l in e a r  DNA plus a selected 
cccDNA w i l l  u s u a l ly  occur by re c o m b in a t io n  between th e  two DNAs. 
Exceptions to  t h i s  are a) co transform ations o f  yeast, where l in e a r  
DNA is  more l i k e l y  t o  recombine w ith  the chromosome, and b) s i tu a t io n s  
where in te g ra t io n  o f  the l in e a r  DNA species by a double crossover 
event is  s p e c i f i c a l ly  se lected fo r ,  e .g . as described in  the case o f  
A .n ige r  (Goosen e t  a l , 1989). Here the trans fo rm ing  and cotransform ing 
DNAs in teg ra ted  a t d i f f e r e n t  s i te s ,  and such co transfo rm ation  occurred 
a t a frequency o f  on ly  0.16% o f  a l l  transfo rm ants .
The re s u lts  described in  chapters 4, 5, and 6 o f  t h i s  th e s is  a llow  
a more p re c is e  gauge o f  the  e x te n t  t o  w h ich  c o t r a n s fo r m a t io n  o f  
A .n idu lans conforms w ith  these loose ru le s .
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Table  4.1 S t a b i l i t y  o f  ARG+ and IVO+ pheno types in  ARp1-pCEB218 
cotransformants
Conidia from progeny o f  ARG+IVO+ cotransformants were p la ted  on CM and 
on CM p lus a rg in in e . On CM the p ropo rt ion  o f  ARG+IVO+ (grey-brown) and 
ARG+IVO" ( i v o r y ) ,  and ARG" (no conid iophores) co lon ies were scored. On 
CM plus a rg in ine  the p ro po rt io n  o f  IVO+ and IVO" co lon ies were scored. 
The IVO+ phenotype c l e a r l y  shows i n s t a b i l i t y ,  and th e  o v e r a l l  
p ropo rt ion  o f  IVO+ co lon ies  which could be scored in each case is  the 
same -  even though most o f  the  co lon ies  on CM are ARG" and could not 
be scored w ith  respect to  IVO.
Number o f  co lon ies  on CM
ARG+IVO+
s t r a in ARG+IVO+ ARG+IVO ARG %ARG+ %IVO‘
3.1 2 7 81 10 2.2
3.2 26 4 74 29 25.0
3.3 4 0 40 9 9.1
6.1 13 0 44 23 22.8
6.2 8 3 22 33 24.2
7.1 3 0 28 10 9.6
7.2 4 17 27 44 8.3
7.3 0 15 78 16 0
Average: 12.7
ARG+IVO+
s t ra in
Number o f  
IVO+
co lon ies  on CM plus a rg in ine  
IVO" %IVO+
3.1 0 86 0
3.2 30 110 21
3.3 2 42 4
6.1 7 36 16
6.2 12 27 31
7-1 3 24 11
7.2 8 70 10
7.3 4 87 4
Average: 12.1
1 As a percentage o f both ARG+ and ARG co lon ies ; in  the l a t t e r  the 
phenotype w ith  respect to  IVO is  not known.
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Results
4.1 S ta b i l i t y  o f  ARG+ IVO+ ARp1-pCEB218 cotransform ants
A . n id u la n s  s t r a i n  AJC 9.4  ( pabaA l ; a rg B 2 ; b r 1A42 i v o B 6 3 ) was 
simultaneously transformed w ith  approximately equal amounts o f  ARp1 
and pCEB218. pCEB218 cons is ts  o f  the b a c te r ia l  plasmid vec to r  pUC8 and 
a 5 .0 -kb S a i l  fragment in s e r t  con ta in ing  the conidiophore melanin gene 
ivoB. Transformants were grown a t 37°C a t which temperature b r lA 42 
m u ta n ts  do n o t  c o n i d i a t e ,  and th e  IVO p h e n o ty p e  i s  v i s i b l e .  
Approximately 10% o f  ARG+ ARp1 transform ants had the grey-brown IV0+ 
phenotype, in d ic a t in g  th a t  they had been cotransformed w ith  pCEB218. 
ARG+ IV 0 + c o t r a n s f o r m a n t s  3, 6 and 7 w ere  s t r e a k e d  o n to  MM 
supplemented w ith  PABA to  obta in  pure cotransformed s t ra in s .  Several 
such p ro g e n y  o f  each o f  th e  t h r e e  c o t r a n s f o r m a n t s  were th e n  
subcultured a t 30°C, a t which temperature b r lA 42 mutants co n id ia te . 
Conidia were then p la ted on CM, and on CM supplemented w ith  a rg in ine . 
On CM the percentage o f  ARG+ progeny was scored, and the percentage o f .  
the ARG+ co lon ies  which were IV0+ was a lso  scored. Since ARG”  co lon ies  
do not co n id ia te  on CM t h e i r  phenotype w ith  respect to  IVO could not 
be scored. On CM plus a rg in ine  the percentage o f  IV0+ progeny was 
scored. The re s u lts  are summarised in  Table 1.
I t  was found th a t  on CM 21.7% o f  progeny were ARG+ , and on CM plus 
a rg in ine  12.1% were IV0+ . I t  was a lso  found th a t  63% o f  the ARG+ 
co lon ies  scored on CM were also IV0+ . In  a d d i t io n ,  i f  the p roport ion  
o f  IV0+ co lon ies  which could be scored on CM were ca lcu la ted , and the 
ARG”  co lon ies were included in t h is  c a lc u la t io n ,  t h i s  gave a f ig u re  o f  
12%. This s t ro n g ly  im plies th a t  the ARG”  co lon ies  seen on CM were a l l  
IVO” . I f  t h is  is  so, then the p roport ions o f  progeny phenotypes were 
as fo l lo w s : ARG+IV0+ : 12%, ARG+IVO”  : 9.2%, ARG'IVO* : 0%, ARG"IV0”  : 
78.8%.
These re s u l t s  may be in te rp re te d  as f o l l o w s :  f i r s t l y ,  th e  h ig h  
frequency o f  loss o f  the IV0+ phenotype im p lies  th a t  the plasmid 
PCEB218 d id  not in te g ra te  in to  the chromosome o f  cotransformants. That 
PCEB218 a) normally transforms by in te g ra t io n  in to  the chromosome, 
and b) in  t h i s  case shows a leve l o f  i n s t a b i l i t y  s im i la r  to  th a t  o f  
ARp1 s tro n g ly  im p lies  th a t  ARp1 and pCEB218 are in te ra c t in g  in  some 
way. The s im plest hypothesis to  account f o r  t h i s  is  the occurrence o f  
recombination between pCEB218 and ARp1. This would re s u l t  in  the
77
argB onivoB
ARpl
v
m
ivoB
Figure 4 .2 . Recombination between ARp and A lp plasmids re s u lts  in  
fo rm ation  o f  an ARp co in teg ra te .
fac ing  page 78a
fo rm ation  o f  a co in teg ra te  s tru c tu re  ( F ig .4 .2 ) ,  which would re ta in  
p ro p e r t ie s  o f  ARp1, n o ta b ly  autonomous r e p l i c a t i o n  and m i t o t i c  
i n s t a b i l i t y .  Th is idea is  fu r th e r  supported by the fa c t  th a t  the ivoB* 
and argB+ a l le le s  in  cotransformants behave as i f  l in ke d , being more 
o ften  re ta ined o r  lo s t  toge the r than separa te ly . I t  was decided th a t  
the te s t in g  o f  t h i s  hypothesis should be c a r r ie d  out by means o f  an 
in v e s t ig a t io n  o f  co transform ations in v o lv in g  two d i r e c t l y  se le c tab le  
markers.
4.2 Construction o f A.nidulans stra ins DHG019 and DHG135
I t  was decided to  in ve s t ig a te  co transform ation  between ARp1 and the 
in te g ra t iv e  plasmid pTA11 (k in d ly  supplied  by Dr. T.H. Adams), which 
conta ins the A .n idu lans trpC gene (F ig . 4 .3 ) .  In  order to  do t h i s  two 
troC~argB~ s t ra in s  were constructed. From progeny o f  a cross between 
A .n idu lans s t r a in  G34 (yA2; argB2 methH2) and AJC12.7 ( pabaAl : b r lA 42 
trp C 801) ,  s t r a in  DHG019 (yA2; argB2 methH2 : b r lA 42 t r p C 8 01) was 
is o la te d .  Then from a cross between DHG19 and G0141 ( pabaAl M A1), 
s t ra in  DHG135 (b iA 1 : argB2 methH2 : trpC801) was iso la te d .
Both these s t ra in s  were found to  grow very poor ly  on CM supplemented 
w ith  a rg in ine  and tryptophan. In o rder to  te s t  the p o s s ib i l i t y  th a t  
repression o f  amino acid uptake by N03 o r  NH4 was occu rr ing  s t r a in  
DHG135 was inocu lated onto MM plus the various supplements requ ired , 
w ith  o r  w ithou t N03 o r NH4. Diameters o f  th ree  co lon ies in  each case 
were measured a f t e r  3 days a t 37°C. I t  was found th a t  a d d it io n  o f  N03 
and NH4 caused a 24.0% and a 25.1% decrease resp ec t ive ly  in  colony 
diameter. I t  was concluded th a t  repression o f  amino acid uptake by N03 
and NH4 had been occurr ing . Most subsequent work w ith  these s t ra in s  
was c a rr ie d  out using a rg in ine  o r tryptophan as a n itrogen source.
4.3 Construction of pDHG29
A new plasmid was constructed con ta in ing  AMA1, argB and t rp C , f o r  use 
in  trans fo rm ations  o f  argB2 trpC801 s t ra in s  in  order to  compare w ith  
the  behav iour o f  pTA11 and ARp1 in  c o t r a n s fo r m a t io n s .  pTA11 was 
re s t r ic te d  w ith  Xhol and the 4.4-kb Xho fragment con ta in ing  the  trpC 
gene was gel p u r i f ie d .  ARp1 was then re s t r ic te d  w ith  Xhol  and tre a te d  
w ith  CIP ( c a l f  in te s t in a l  phosphatase) in  o rder to  remove 3 ’ -phosphate 
groups and prevent, s e l f - l i g a t i o n .  The 4.4-kb Xhol DNA fragment was 
then 1ig a te d  in to  ARp1, re p la c in g  th e  un ique  re g io n  between th e
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Figure 4.3. L inear r e s t r i c t i o n  d ige s t map o f  the plasmid pTA11.
The s ing le  l in e  in  the upper f ig u re  represents pIC20-R sequences, and 
the cross-hatched box the trpC sequences. In  the lower f ig u re  the 
s in g le  l i n e  and open box re p rese n t u n t r a n s la te d  and t r a n s la t e d  
regions o f  the troC mRNA re sp ec t ive ly  (courtesy o f  Mullaney e t a l ,  
1985).
Abbrev ia tions f o r  r e s t r i c t io n  enzyme s i te s  are B, BamHI; Bg, B g l l l : 
E, EcoR I; H, Hind l l l : P, P s tI ;  S, Sa il :  Sm, Smal :  Ss, S s t I ;  X, Xhol.
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Figure 4.4. L inear r e s t r i c t i o n  d ig e s t maps o f  plasmids pTA11 and 
PDHG29.
The s in g le  l in e s  represent E .c o l i  vec to r sequences: pIC20-R in  the 
case o f  pTA11; pUC8 in  the case o f  pDHG29. The open boxes represent 
AMA1 sequences, the cross-hatched boxes, trpC sequences, and the  b lack 
box, argB sequences. Plasmid pDHG29 was constructed by l ig a t i n g  the 
4.4-kb Xhol  fragment o f  pTA11 between the Xhol  s i te s  o f  the  CIP- 
t re a te d ,  Xhol digested ARp1 (see Fig. 3 .1 ) .
Abbrev ia tions fo r  r e s t r i c t io n  enzymes: B, BamHI: Bg, B g l l l :  X, Xhol .
2 3 4 5 6
23.70
9.46
6.75
4.25
2.26
1.98
# -  M”
Figure 4.5. R e s t r ic t io n  d iges ts  to  confirm  the id e n t i t y  o f  pDHG29.
Lambda H in d l l l  s ize standards are given in  kb.
Single and double d igests  are as fo l lows :
Lane 1, ARp1 , Xhol;  2, pTA11, Xho l ;  3, pDHG29, X h o l ;  4, ARp1 , 
BamHI/Bgl I I : 5, pTA11 BamHI/Bgl l l ;  6, pDHG29, BamHI/Bgl l l .
78c
20,000-
00
% 18,000  ^
CO
s 16,000-
14,000-
”  12,000 
c
cO
I  10,000o
CO
« 8,000
ucu
EpPS
6,000
4,000
2 ,000-
plasmid(s): pTA ll pTA ll pTAll pTAll
+ ARpl + ARpl + ARpl
pDHG29 pDHG29
selection: TRP+ TRP+ ARG+ ARG+TRP+ TRP+ ARG-r
Figure 4.6. Histogram showing trans fo rm ation  frequencies 
using pTA11, ARpl and pDHG29.
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inve rted  repeats o f  AMA1 (F ig . 4 .4 ) .  The id e n t i t y  o f  the plasmid, 
designated pDHG29, was checked by r e s t r i c t i o n  ana lys is  (F ig . 4 .5 ) .  The 
o r ie n ta t io n  o f  the in s e r t  was ascerta ined by the  r e s t r i c t i o n  pa tte rn  
re s u l t in g  from a BamHI/Bglll double d ig e s t.
4.4.1 Cotransformation o f  pTAll w ith  ARpl
F ive t r a n s fo rm a t io n s  o f  s t r a in  DHG019 u s in g  pTA11 and A R p l, and 
se le c t in g  f o r  TRP+ , gave on average approximate ly 4,000 transform ants
fiper 10 p ro to p la s ts .  This compared w ith  an average trans fo rm ation
c
e f f ic ie n c y  w ith  pTA11 alone o f  50 transform ants  per 10 p ro to p la s ts .  
Thus, trans fo rm a tion  e f f ic ie n c y  o f  a trpC~ s t r a in  to  TRP+ w ith  pTA11 
is  enhanced 8 0 - fo ld  by the presence o f  ARpl. Transformations using 
pTA11 and ARpl toge ther were a lso c a r r ie d  out se le c t in g  f o r  ARG+. 
Transformation e f f ic ie n c ie s  were c h a ra c te r is t ic  o f  ARpl alone. One 
trans fo rm a tion  o f  DHG019 using pTA11 and ARpl and se le c t in g  f o r  ARG+ 
and TRP+ gave 3,300 ARG+TRP+ co lon ies  per 106 p ro to p la s ts . 
Transformation o f  s t ra in  DHG019 w ith  pDHG29 se le c t in g  fo r  TRP+ gave
fian average frequency o f  approximately 4,000 transformants per 10 
p ro to p la s ts .  However, the same trans fo rm a tion  se le c t in g  fo r  ARG+ gave 
an average o f  8,000 transformants per 10 p ro to p la s ts .  This compares
fiw ith  a frequency o f  20,000 transform ants per 10° p ro to p la s ts  using 
ARpl alone. Transformation e f f ic ie n c ie s  are compared in  a histogram 
in  F ig. 4 .6 .
The 8 0 - fo ld  increase  in  t r a n s fo r m a t io n  e f f i c i e n c y  found  upon 
a d d it io n  o f  ARpl to  transform ations o f  trpCT s t ra in s  to  TRP+ w ith  
pTA11 conforms w ith  the hypothesis th a t  an in te ra c t io n  between pTA11 
and ARpl is  occu rr ing .
4 .4 .2  C ha rac te r isa t ion  o f  cotransformants
•If the unstable TRP+ transformants produced by trans fo rm ation  o f  trpC "  
argB~ s t ra in s  w ith  pTA11 and ARpl con ta in  pTA11-A'Rp1 co in teg ra te s , 
then the TRP+ co lon ies , when tes ted , should tu rn  out to  be ARG+ as 
w e l l ,  s ince the co in teg ra te  should con ta in  the argB+ gene (un less i t  
has been d isrup ted  in the recombination process). 13 TRP+ co lon ies  
produced in  t h i s  way were examined. A l l  had a somewhat u n s ta b le  
appearance -  i . e .  ragged colony edges and uneven growth. 11 out o f  the 
13 co lon ies were found to  be ARG+ ( i . e .  were able to  grow on MM
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Table 4.2 S t a b i l i t y  o f  the ARG+ and TRP+ phenotypes in  pTA11-ARp1 
cotranformants o f  A .n idu lans s t r a in  DHG019.
METhf).
Phenotypes o f  progeny 
Transformant. %ARG+TRP+ %ARG+TRP“  %ARG~TRP+ %ARG~TRP
1 100 0 0 0
2 32 0 0 68
3 5 10 0 84
4 17 0 0 82
5 100 0 0 0
6 18 6 12 65
7 31 0 5 63
8 87 4 0 9
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supplemented w ith  methionine a lone). None o f  the co lon ies grew on MM 
alone, suggesting th a t  none were contaminants.
In  a complementary experim ent, 16 ARG+ t r a n s fo rm a n ts  o f  s t r a i n  
DHG019 w ith  pTA11 and ARp1 were s im i la r l y  examined. Only one out o f  16 
proved to  be TRP+. None grew on MM alone. This compares to  the 10% o f  
ARG+ ARpl t ra n s fo rm a n ts  o f  A .n id u la n s  s t r a i n  AJC9.4 found  to  be 
cotransformed to  IV0+ w ith  pCEB218 described . in  section  4.1.
In  a c o n t ro l  experim ent 24 c o lo n ie s  each o f  f o u r  ARG+ ARpl 
transformants o f  s t ra in  DHG019 were tes ted  f o r  TRP+ . No TRP+ co lon ies  
were found. S im i la r ly ,  24 progeny each o f  fo u r  TRP+ transformants o f  
s t r a in  DHG019 w ith  pTA11 were tested  f o r  ARG+ . No ARG+ co lon ies were 
found.
The s t a b i l i t y  o f  e ig h t  ARG+TRP+ pTA11-ARp1 c o t ra n s fo rm a n ts  was 
examined. C on id ia  were p la ted  on n o n - s e le c t i v e  c o n d i t i o n s  (CM 
supplemented w ith  a rg in ine  and tryptophan ) ,  and progeny used to  stab 
inocu la te  master p la tes  (non -se lec t ive  c o n d i t io n s .)  The phenotypes o f  
the re s u lta n t  co lon ies were then te s te d . Sample s ize  was 24 progeny 
tes ted  per o r ig in a l  transform ant. Five transform ants were found to  be 
h ig h ly  unstab le. On average 72% o f  t h e i r  progeny were ARG” TRP” , and 
on ly  21% were ARG+TRP+ . ARG+TRP~ and ARG""TRP+ were even ra re r :  3% o f  
each. Two o f  the transformants were s ta b le :  a l l  progeny were ARG+ 
TRP+ . One was s l i g h t l y  unstable: 9% o f  progeny were ARG” TRP” . F u l l  
re s u lts  are shown in Table 4.2.
These re s u lts  are congruent w ith  the  two cotransform ing plasmids 
having recombined to  form a co in teg ra te , o r  heterodimeric s t ru c tu re .  
Thus when the co in teg ra te  is  lo s t  during  m ito s is  both argB+ and trpC+ 
are lo s t .  Otherwise both are re ta ined. The rare  ARG+TRP~ progeny could 
re s u lt  from in tram o lecu la r recombination re s u l t in g  in  re so lu t io n  o f  
the co in teg ra te  and loss o f  the pTA11 component. I t  has been shown 
th a t  t h i s  so r t  o f  recombination happens in  the case o f  the ARpl dimer 
( s e c t i o n  3 . 6 ) .  The s t a b l e  t r a n s f o r m a n t s  may r e s u l t  f ro m  th e  
in te g ra t io n  o f  the co in teg ra te  in to  the chromosome. The ARG~TRP+ 
progeny m ight occur by in t e g r a t io n  o f  re s o lv e d  pTA11 m o le c u le s  
fo llow ed by loss o f  ARpl through m i to t ic  i n s t a b i l i t y .
The most probable type o f  recombination event th a t  might occur between 
the two cotransforming plasmids is  homologous recombination between 
the  common b a c te r ia l  reg ions . In  A .n id u la n s  most i n t e g r a t i v e  
trans fo rm ation  events occur by homologous recombination between the
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A R p l pTAl l
ampamp trpC
trpC
amp R
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Figure  4 .7 .  Schematic r e p re s e n ta t io n  o f  homologous r e c o m b in a t io n  
between ARpl and pTA11 and the s t ru c tu re  o f  the co in teg ra te  t h a t  
results. .
The open boxes represent argB sequences, th e  green boxes t rp C  
sequences, the shaaed boxes AMA1 sequences, and the black boxes E .co l i  
vector  sequences. The arrows show o r ie n ta t io n  o f  gene t r a n s c r ip t s ,  and 
p o s i t io n  of gene coding regions. The crossed dotted l ines  represent a 
recombinat ion event. (Not to sca le ) .
f a c in g  page 81
transfo rm ing  w i ld  type and the res iden t mutant a l le le s  (Ye lton e t  a l ,  
1984; Upshall 1986). The co in teg ra te  s t ru c tu re  th a t  would r e s u l t  from 
such recombination between ARpl and pTA11 is  shown in  F ig . 4 .7 .
One fe a tu re  o f  such a hypo the t ica l co in te g ra te  is  th a t  the d i re c t io n  
o f  t r a n s c r ip t io n  o f  the argB+ and trpC*  genes would both p o in t  towards 
an o r i  located in  the AMA1 region. In  s tud ies  o f  the E .c o l i  plasmid 
pBR322 L iu  and Wang (1987) have shown th a t  gene t ra n s c r ip t io n  may lead 
to  the form ation  o f  p o s i t iv e  superco ils  in  the  DNA template in  advance 
o f  the d ire c t io n  o f  movement o f  the RNA polymerase, and negative 
su pe rco ils  behind i t .  Thus, simultaneous t ra n s c r ip t io n  o f  argB and 
trpC might cause p o s i t iv e  sup e rco i l in g  o f  the AMA1 region, which might 
reduce i n i t i a t i o n  o f  DNA re p l ic a t io n .  I f  t h i s  were so, reversa l o f  the 
o r i e n t a t i o n  o f  th e  t r p C  gene m ig h t  in c r e a s e  f r e q u e n c y  o f  
co transform ation  and/or m i to t ic  s t a b i l i t y  o f  the plasmid co in teg ra te .
4.5 Construction  o f  pTA11D
For th is  purpose a d e r iv a t iv e  o f  pTA11 was constructed w ith  the trpC 
gene in  the opposite o r ie n ta t io n  w ith  respect to  pUC8 . pTA11 DNA was 
digested w ith  Xhol ,  phenol and chloroform ex trac ted  and then ethanol 
p re c ip i ta te d .  This DNA was then used as a substra te  f o r  a l ig a t io n  
rea c t ion , which was subsequently transformed in to  E . c o l i . Transformant 
co lon ies patched on LB-agar plus a m p ic i l l in  were subjected to  s in g le  
colony gel ana lys is  and co lon ies con ta in ing  plasmids w ith  DNA in s e r ts  
were id e n t i f ie d .  R e s t r ic t io n  ana lys is  o f  STET plasmid minipreps o f  
these using BamHI were then ca rr ie d  ou t. A clone was chosen which 
y ie lded 6.5-kb and 0 .6-kb BamHI fragments, denoting a reversa l o f  
in s e r t  o r ie n ta t io n ,  (F ig . 4.8) and designated pTA11D.
4.6 Cotransformation o f  pTA11D w ith  ARpl
Transformation o f  s t ra in  DHG019 to  TRP+ w ith  pTA11D and ARpl occurred 
w ith  a s im i la r  frequency to  th a t  found using pTA11 and ARpl. A s im i la r  
le v e l  o f  m i t o t i c  i n s t a b i l i t y  o f  th e  TRP+ pheno type  o f  pTA11-ARp1 
co tran s fo rm an ts  to  th a t  o f  pTA11-ARp1 c o t ra n s fo rm a n ts  was a ls o  
observed. In a con tro l experiment pTA11D was found to  transform  s t r a in  
DHG019 to  TRP+ w ith  a s im i la r  e f f ic ie n c y  to  th a t  using pTA11. These 
r e s u l t s  s u g g e s t  t h a t  DNA s u p e r c o i l i n g  r e s u l t i n g  f ro m  gene 
t r a n s c r ip t io n  i s  not an im p o r ta n t f a c t o r  in .  th e  d e te r m in a t io n  o f  
plasmid s t a b i l i t y  in  A .n id u la ns .
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F ig u re  4 .8 . L in e a r  r e s t r i c t i o n  d ig e s t  maps o f  p la sm id s  pTA11 and 
PTA11D.
S ing le  l in e s  represent E .c o l i  vec to r sequences (pIC20-R), t r ia n g le s ,  
PIC20-R p o ly l in k e r  sequences; cross-hatched box, trpC sequences. 
Abbrev ia tions fo r  r e s t r i c t i o n  enzyme s i te s :
B, BamHI: X, Xhol.
H
I :--------c=±
pUCB
ARpl
H
pIC20-R
pHELPl
H P H
I----------------------------— 1—  --1-  = d  9.1 kb
pACYC184
pHELPS
H P
U 1 ■ 1 ■  1' 5.8 kb
1 pUC8
pHELP3 h------i1 kb
Figure 4 .9 . L inear r e s t r i c t io n  d ig e s t maps o f  plasmids ARpl, pHELPl, 
PHELP2 and pHELP3.
S ing le  l in e s  represent E .co l i  vec to r  sequences. In the cases o f  ARpl 
and pHELP3 th is  is  pUC8 ; in the case o f  pHELPl i t  is  pIC20-R; in  the 
case o f  pHELP2 i t  is  pACYC184. Open boxes represent AMA1 and AMA1- 
derived sequences. The black box represents argB sequences.
pHELPl was constructed by l ig a t in g  the 5.1—kb H in d l l l  fragment o f  ARpl 
in to  the p o ly l in k e r  o f the plasmid pIC20-R. pHELP2 was constructed by 
in s e r t in g  the same DNA fragment in to  the P15-A-based plasmid pACYC184. 
pHELP3 was made by d iges ting  ARpl w ith  PstI ,  and then s e l f - l i g a t i n g  
i t .
Abbrev ia tions fo r  r e s t r ic t io n  enzyme s i te s :  Bg, B g l l l :  H, H in d l l l :  P, 
P s t I .
H
AMA1
Bg P
ar-gB
11.5 kb
H
7.9 kb
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4.7 C onstruc tion  o f  he lpe r plasmids pHELPl, pHELP2 and pHELP3
I t  was thought th a t  the eas ies t way to  show whether cotransform ation 
o f  ARp plasmids w ith  in te g ra t iv e  ones occurs by means o f  the formation 
o f  plasmid heterodimers would be to  re is o la te  the  l a t t e r  in to  E .c o l i . 
Repeated a t te m p ts  to  do t h i s  us ing  DNA fro m  ARG+TRP+ pTA11-ARp1 
cotransformants fa i le d .  I t  was argued th a t  the  la rge  s ize  o f  such a 
co in teg ra te  (18.6 kb) would reduce the e f f ic ie n c y  o f  plasmid rescue. 
Cotransformation w ith  subclones o f  ARpl would th e o r e t ic a l l y  re s u l t  in  
the  fo rm a t io n  o f  s m a lle r  c o in te g ra te s  w h ich  would  be more e a s i l y  
rescued.
The 5 . 1-kb H in d l l l  fragment o f  AMA1, which is  s u f f i c ie n t  to  confer 
ARp p ro pe rt ie s  in  pDHG25, was l ig a te d  in to  the  H in d l l l  s i t e  o f  the 
E .c o l i  plasmid pIC20-R, which conta ins the ampR gene. The re s u lt in g  
7.9-kb plasmid was designated pHELPl (F ig . 4 .9 ) .  The same H in d l l l  
fragment was a lso  l ig a te d  in to  the H in d l l l  s i t e  o f  another E .co l i  
p la s m id ,  pACYC184, w h ic h  c o n t a in s  th e  camn ( c h lo r a m p h e n ic o l  
res is tance) and t e t  ( te t ra c y c l in e  res is tance ) genes. The re s u lt in g  
9 . 1-kb p lasm id was des ignated  pHELP2 ( F ig .  4 . 9 ) .  A t h i r d  p la sm id  
d e r iv a t iv e  o f  ARpl was constructed by r e s t r i c t i n g  i t  w ith  PstI ,  and 
then re l ig a t in g  i t .  This e f fe c t iv e ly  de leted the r ig h t  hand repeat o f  
AMA1 and the argB* gene from ARpl. The re s u lt in g  5.8-kb plasmid was 
des igna ted  pHELP3 (F ig .  4 .9 ) .  The i d e n t i t y  o f  each p la s m id  was 
confirmed by r e s t r i c t i o n  ana lys is  (data not shown).
The term “ he lper plasmid" is  a convenient d e s c r ip t io n  o f  a plasmid 
which may be used in cotransformations w ith  an in te g ra t iv e  plasmid in  
o r d e r  t o  c o n v e r t  th e  l a t t e r  i n t o  a r e p ! i c o n  th r o u g h  in  v i v o  
recom bina t ion  o f  the  two p lasm ids . For t h i s  reason th e  pHELP 
designation was chosen.
4.8.1 Cotransformation o f  pILJ16 w ith  he lper plasmids
A number o f  trans fo rm a tions  o f  s t ra in  G34 to  ARG+ using pILJ16, alone 
o r in  the presence o f  pHELPl, pHELP2 o r pHELP3. were c a rr ie d  ou t. A l l  
th re e  h e lp e r  p lasm ids were found t o  s t im u la t e  t r a n s fo r m a t  io n
fifrequency. Where pILJ16 alone gave on average 60 transformants per 10 
p ro top las ts  over fo u r  transform ations, pILJ16 plus pHELPl generated an
fia v e ra g e  o f  1 2 ,00 0  t r a n s f o r m a n t s  p e r  10 p r o t o p la s t s .  (3 
tra n s fo rm a tion s ) , a 200- f o ld  increase in  trans fo rm ation  e f f i c ie n c y .  
pILJ16 -plus pHELP2 transformed s t ra in  G34 to  ARG+ a t somewhat lower
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Table 4.3 Frequency o f  trans fo rm ation  o f  s t r a in  G34 to  ARG+ using 
pILJ16 and he lper plasmids pHELPl, pHELP2 and pHELP3.
Number o f  transform ants  per 10* 
p ro to p la s ts
Plasmid added
to  PILJ16: none pHELPl PHELP2 PHELP3
T ’ form ation 1 66 - - 6,500
2 30 3,000 100 5,000
3 100 20,000 300
4 40 13,000 2,000 -
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f re q uen cy : 800 t ra n s fo rm a n ts  per 106 p r o t o p la s t s  (a ve rage  o f  3 
t r a n s f o r m a t i o n s ) ;  t h i s  c o n s t i t u t e s  a 1 3 - f o l d  in c r e a s e  in  
t ra n s fo rm a t io n  e f f i c i e n c y  over p ILJ16  a lo n e .  p ILJ16  p lu s  pHELP3
fiy ie ld e d  6,000 t ra n s fo rm a n ts  per 10 . p r o t o p la s t s  (ave rage  o f  2 
t r a n s f o r m a t i o n s ) ,  a 1 0 0 - f o l d  in c r e a s e  o f  p IL J 1 6  a lo n e .  F u l l  
trans fo rm a tion  re s u lts  are shown in  Table 4.3.
In co n tro l trans fo rm ations  using pHELPl, pHELP2 o r pHELP3 alone no 
ARG+ transform ants were seen.
The trans fo rm a tion  frequency using pILJ16 p lus pHELPl is  s im i la r  to  
th a t  o f  pDHG25 (around 10,000 ARG+ transform ants per 106 p ro to p la s ts ) .  
This s tro n g ly  im p lies  th a t  recombination between the two plasmids 
occurs a t  a s im i la r  o r  h igher frequency to  th a t  o f  the en try  o f  
t ra n s fo rm in g  DNA in t o  the  p r o to p la s ts .  The lo w e r  t r a n s fo r m a t io n  
frequency in the case o f  pILJ16 and pHELP2 may r e f le c t  the g re a t ly  
reduced homology between the two plasmids: whereas pILJ16 and pHELPl 
have 2 .7 -kb  o f  b a c te r ia l  sequences in  common, p ILJ16  and pHELP2 
conta in  d i f f e r e n t  b a c te r ia l  sequences. This supports the hypothesis 
t h a t  p redom inan tly  homologous re c o m b in a t io n  causes c o in t e g r a te  
fo rm a t io n .  The r e l a t i v e l y  h igh  f re q u e n c y  o f  t r a n s fo r m a t io n  u s in g  
pILJ16 and pHELP3 im plies  th a t  the inve rted  repeat is  not essen t ia l 
f o r  autonomous plasmid maintenance. However, i t  cannot be ru led out 
t h a t  d u r in g  t ra n s fo rm a t io n  re co m b in a t io n  re g e n e ra te s  an in v e r te d  
repeat s t ru c tu re .
4 .8 .2  S ta b ility  o f pILJ16-helper plasmid transformants
Conidia were harvested and suspended in  water, where the co n id ia l  
concentra tions were measured using a haemocytometer. They were then 
p la ted  on CM a t a dens ity  o f  approximately 50 per p la te .  On CM ARG+ 
and ARG”  c o lo n ie s  were r e a d i ly  d i s t in g u is h e d  and th e  degree o f  
i n s t a b i l i t y  o f  the  ARG+ phenotype gauged. Progeny o f  13 ARG+ 
transformants o f  s t r a in  G34 w ith  pILJ16 and pHELPl were examined. The 
number o f  ARG+ c o lo n ie s  was on average 20.8%, and numbers v a r ie d  
between extremes o f  11% and 47%. Overa ll sample s ize  was 1,384. Of 
progeny o f  6 ARG+ transformants w ith  pILJ16 and pHELP2, 36.7% were 
ARG+ , w ith  v a r ia t io n  between 27% and 49%. O vera ll sample s ize  was 210. 
Among progeny o f  8 ARG+ transformants w ith  pILJ16 and pHELP3, 15.5% 
were ARG+ w ith  numbers vary ing between 5% and 31%. However, a fu r th e r  
two transformants had 86% and 72% ARG+ progeny, and i f  these are 
included the o v e ra l l  p roport ion  o f ARG+ progeny is  28.2%. Tota l sample
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Table 4.4 M ito t ic  in s t a b i l i t y  o f  ARG+ phenotype in  p ILJ16-he lper
plasmid co transform ants.
Helper plasmid added to  pILJ16 
pHELPl PHELP2 pHELP3
sample size %Arg+ sample size %ARG+ sample size %ARG+
82 17 31 44 64 9
103 25 29 31 49 31
74 44 35 49 55 12
54 11 26 38 25 8
39 31 49 31 80 5
180 47 40 27 67 22
150 21 31 16
113 17 T o ta l:  210 36 .71 59 86
165 12 83 72
68 31 68 21
123 46
171 22 T o ta l :  581 28
62 44
1,384 20.81
1Average
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s ize  was 581. F u l l  re s u lts  are shown in  Table 4.4.
The i n s t a b i l i t y  o f  the ARG+ phenotype observed can on ly  be accounted 
f o r  by recombination o f  pILJ16 w ith  he lper plasmids. Since a d d it io n  o f  
the l a t t e r  re s u lts  in  a 13 -  200-fo ld  enhancement o f  trans fo rm a tion  
e f f ic ie n c y ,  i t  is  not s u rp r is in g  th a t  a l l  transformants examined were 
u n s ta b le .  A much la r g e r  number o f  t r a n s fo r m a n ts  would have to  be 
screened to  ru le  out the occurrence o f  a low frequency o f  in te g ra t iv e  
trans fo rm ation .
The h ig h e r  d e g re e  o f  i n s t a b i l i t y  o f  th e  p I L J 16-pHELP3 
cotransformants suggests th a t  the second copy o f  the repeat found in 
AMA1, o r the inve rted  repeat s t ru c tu re  does, a f t e r  a l l ,  a f fe c t  plasmid 
maintenance. The increase in s t a b i l i t y  observed in  the cases o f  two o f  
these co tra n s fo rm a n ts  may be due t o  a) i n i t i a l  fo r m a t io n  o f  a 
d i f f e r e n t  co in teg ra te  s t ru c tu re ,  b) fo rm ation o f  the usual co in teg ra te  
fo llowed by a rearrangement, o r c) to  a subpopulation o f  the nucle i 
w ith in  the transform ant having become s ta b ly  transformed by plasmid 
in te g ra t io n  in to  the chromosome.
4.8 .3  Plasmid rescue from a pILJ16-pHELP2 cotransformant.
DNA was prepared from an unstable ARG+ transform ant o f  s t ra in  G34 w ith  
pILJ16 and pHELP2 grown under s e le c t iv e  co n d it io n s . Competent c e l l s  o f  
E .co l i  s t r a in  DH5 were transformed w ith  the transform ant DNA and one 
am pic i11 in  re s is ta n t  colony was obta ined.
Repeated attempts a t plasmid rescue using DNA from unstable ARG+ 
pILJ16-pHELP1 and pILJ16-pHELP3 cotransformants were not successfu l.
4 .8 .4  R e s t r ic t io n  mapping o f  pILJ16-pHELP2 plasmid co in teg ra te
Results o f  the r e s t r i c t io n  mapping o f  the plasmid iso la te d  from the 
pILJ16/pHELP2 cotransformant, designated pC0T2, are presented in  F igs.
4.10, 4.11 and Table 4.5. The r e s t r i c t io n  pa tte rns  seen conform w ith  
the formation o f  pC0T2 by the recombination o f  pILJ16 and pHELP2. The 
3.0-kb and 3.8-kb EcoRI fragments o f  pHELP2 comprising the pACYC184 
sequence and the d is ta l  1.4-kb o f  the AMA1 sequence are present (F ig .
4.10, gel C, lanes 3 and 4). A s ing le  1.2-kb EcoRI/PstI fragment on ly  
is  present, however, implying th a t  the p o in t  o f  recombination w ith  
pILJ16 l i e s  in  the  o th e r  1 .2 -kb  EcoR I / P s t I  fra g m e n t o f  AMA1. The 
c e n t ra l  1.1-kb' N ru l ,  and 0 .6 -kb  Sal I  f ra g m e n ts  o f  AMA1 a re  a ls o
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Figure 4.10. R e s t r ic t io n  d ige s ts  o f  pC0T2.
A l l  DNAs are pC0T2 unless otherwise s ta ted. Only s i g n i f i c a n t  d igests
are labe l led ;  lambda Hind l l l / EcoRI s ize standards are given in kb.
Single and double d igests  are as fo l low s :
Gel Aj_ Lane 1) Bam H I , 2) EcoRI, 3) P s t I , 4) E c o R I / B g l l l ,  5)
BamHI/Bgl l l ,  6) EcoRI/BamHI. 7) EcoRI/Pst l .  8) B g l l l .
Gel Bi Lane 1) Ps t /Bg lH I I ,  2) H i n d l l l ,  3) p ILJ16, H i n d l l l ,  4) S s t l .
Gel Ci Lane 1) pHELP2, Nrul,  2) Nrul,  3) pHELP2, EcoRI, 4) EcoRI, 5) 
PHELP2, Sst.1 , 6) Ss t  1 , 7) pHELP2, S a i l ,  8) S a i l ,  9) pHELP2, 
P s t l / H i n d l l l , 10) P s t l / H i n d l l l .
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Table 4.5 DNA fragment sizes  from the re s tr ic tio n  o f pC0T2 measured 
from the gels presented in Figure 4.10.
R estriction Estimated size Sum o f
enzymes o f fragments (kb) fragments
BamHI 12.0, 3.5 15.3
EcoRI 6.0, 3 .8 , 3.0, 1.6 14.7
P stI 12.5, 2.9, 15.4
H in d l l l 6 .0 , 4 .1 , 3.6, 1.7, 0.4 15.8
B g l l l 15.0 15.0
S stI 10.0. 5.8 15.8
C la l 10.5, 5.2 , 1.0 16.7
Nrul 7.6, 5.0 , 2.9 14.1
S a i l 5 .5 , 3 .4 , 2 . 8 , 1.7, 0 .8 , 0.55 14.8
E coR I/B g ll l 5 .0, 4 .2 , 2.9, 2.4, 1.6 16.1
Bglll/BamHI 6.9, 4 .9 , 3.2 15.9
EcoRI/BamHI 7.3, 2.8, 2 . 2 , 1. 8 , 1.5 15.6
Pstl/EcoRI 3.9, 3.1 , 2.7, 2.7, 1.5, 1.2 14.9
Pst I  / M i l  I 13.0, 1.6,, 1.4 16.0
P s t l /H in d l l l 5 .6 , 3.7 , 2.35, 1.4, 1.0, 0.4 14.5
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Figure 4.11. L inear r e s t r i c t io n  maps o f  pCOT2.
pCOT2 is  the  p roduct o f  a p p a re n t ly  non-homologous re c o m b in a t io n  
between plasmids p ILJ16 and pHELP2. Maps o f  pHELP2 and pILJ16 are 
shown fo r  comparison.
Model A: the f i r s t  map constructed from the data shown in F ig. 4.10 
and Table 4.5.
Model B: represents the f i n a l  map.
The s in g le  l in e  represents E .c o l i  vec to r  sequences (pACYC184 and pUC8 
as in d ic a te d ) ;  the open boxes represent argB sequences, and the cross- 
hatched boxes AMA1-derived sequences; th e  b la c k  boxes re p re s e n t  
dup lica ted  sequences.
Abbrev ia t ions  fo r  r e s t r ic t io n  enzymes are: B, BamHI: Bg, M i l l ;  C, 
C la l ;  E, EcoRI: H, H in d l l l :  N, N ru l: P, P s tI ;  S, S a i l :  Ss, S s t l .
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absent, suggesting th a t  the po in t o f  recombination l ie s  between the 
cen tra l PstI  s i t e  and one o f  the f la n k in g  S a il  s i te s  (F ig . 4.10, gel 
C, lanes 1, 2, 7 and 8 ) .
With respect to  p IL J16: the 1.7-kb Hind l l l  fragment con ta in ing  most 
o f  the argB gene is  present (see Fig. 4.10, gel B, lanes 2 and 3). The 
2 . 7 - kb E co R I/P s tI  fragm ent c o r re s p o n d in g  t o  th e  pUC8 re s id u e  i s  
present. The 1.6-kb B g l l l / P s t I  fragment comprising the r ig h t  hand side 
o f  the argB gene as shown in  Fig. 4.11 is  present (F ig . 4.10, gel B, 
lane 1). Thus the p o in t  o f  recombination w ith  pHELP2 must l i e  in  the 
r ig h t  hand 0 .5-kb BamHI/H ind lll fragment o f  the  argB gene.
Four hypo the t ica l plasmids can be drawn which would re s u l t  from the 
recom bina t ion  o f  pILJ16 and pHELPI in  th e  re g io n s  d e f in e d :  where 
recombination occurs in  the l e f t  o r r ig h t  hand repeats o f  AMA1, w ith  
the two DNAs in  e i th e r  o r ie n ta t io n  w ith  respect to  each o the r. The 
o n ly  h y p o th e t ic a l  c o in te g ra te  which  con fo rm s  ro u g h ly  w i t h  th e  
r e s t r i c t i o n  p a t te rn s  observed is  Model A, shown in  F ig .  4 .1 1 .  To 
conform w ith  the S s tI  r e s t r i c t io n  pa tte rn  seen (F ig . 4.10, gel B, lane 
4 ), recombination must have taken place between the cen tra l PstI  s i te  
o f  AMA1, and the S s tI  s i t e  located 0.1 kb to  the  r ig h t  o f  i t  as shown. 
However, comparing Model A w ith  the r e s t r i c t i o n  data, one discrepancy 
is  c le a r :  the sum o f  the s izes o f  pILJ16 and pHELPI is  14.5 kb. The 
average s ize  o f  the co in teg ra te  given by the r e s t r i c t i o n  d iges ts  is
15.4 kb. I t  i s  a lso  seen th a t  the s iz e s  o f  th e  sm a ll  f ra g m e n ts  
corresponding to  the ju n c t io n  between the two plasmids in  Model A are 
c o n s is te n t ly  underestim ated -  e .g .  in  th e  EcoR I / B g l I I . Hi nd l l l , 
P s t l / B g l l l  d ig e s ts , and most notab ly in  the P s t l / H in d l l l  d ig e s t (F ig .
4 .10 , gel C, lane 10) where the  map p r e d i c t s  a 0 .2 - k b  j u n c t i o n  
fragment, and a 1.0-kb fragment is  seen. Thus i t  would appear th a t  a 
0 . 8-kb increase in s ize  has occurred during recombination, presumably 
the re s u l t  o f  a sequence d u p l ica t io n  (F ig . 4.11, Model B).
4.9 Supertransformation o f pDHG25 transformants with pTA11
One question ra ised by these re s u lts  is  why recombination between 
p lasm ids occurs so much more r e a d i l y  than  between p la s m id s  and 
chromosomes. Possible explanations inc lude i )  the r e la t i v e ly  large 
number o f  p lasm ids in  the  c e l l  in c re a s e s  th e  p r o b a b i l i t y  o f  th e  
a s s o c ia t io n  o f  homologous DNA; i i )  th e  s u p e r c o i le d  n a tu re  o f  th e  
plasmids s t im u la tes  recombination; i i i )  recombination is  s t im u la ted  by 
a sequence on AMA1, which m ight be .the o r i . O the r  p o s s ib le
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F ig u r e  4 .1 2 .  L in e a r  r e s t r i c t i o n  map o f  pMS1 w i t h  p IL J 1 6  f o r  
comparison.
S ing le  l in e s  represent pUC8 sequences and cross-hatched boxes argB 
sequences.
A bbrev ia t ions  f o r  r e s t r i c t io n  enzyme s i te s  are: B, BamH I: Bg, B g l l l :
H. H in d l l l :  S. S a i l :  Ss. S s t I .
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e x p la n a t i o n s  see such r e c o m b in a t io n  as s t i m u la t e d  by th e  
trans fo rm ation  process i t s e l f ,  e .g. i )  as a re s u l t  o f  the way the 
c e l l  re a c ts  to  exogenous DNA; i i )  th e  c e l l u l a r  l o c a t io n  o f  th e  
transform ing  DNA immediately a f t e r  e n try  in to  the p ro to p la s t  o r  i i i ) ,  
the nakedness ( la ck  o f  DNA b ind ing p ro te in s , e .g . h is tones) o f  the 
transform ing  DNAs.
In o rder to  te s t  these l a t t e r  hypotheses p ro to p la s ts  were prepared 
from an ARG+ pDHG25 transform ant o f  A .n idu lans s t r a in  DHG135 grown 
under c o n d i t io n s  s e le c t in g  f o r  m a in tenance  o f  pDHG25. These 
p ro to p la s ts  were then transformed to  TRP+ w ith  the plasmid pTA11. A 
s in g le  experiment gave a frequency o f  approximately 2,000 ARG+TRP+ 
tra n s fo rm a n ts  per 106 p r o to p la s ts .  In  two t r a n s fo r m a t io n s  o f  
untransformed s t ra in  DHG135 ca rr ie d  out s im ultaneously , pTA11 alone
figave approximately 600 transformants per 10 p ro to p la s ts ,  and pTA11
fiplus pDHG25 gave 3,400 transformants per 10° p ro to p la s ts .
This re s u l t  suggests th a t  plasmid recombination does not occur as 
the re s u l t  o f  the manner o f  c e l lu la r  processing o f  exogenous DNA or 
naked DNA, nor is  i t  the re s u l t  o f  any unusual c e l l u la r  lo ca t io n  o f  
transform ing  DNA immediately a f te r  e n try  in to  the c e l l ,  but th a t  
res iden t plasmid w i l l  recombine w ith  incoming DNA as re a d i ly  as a 
newly added plasmid.
4.10 Cotransformation o f  he lper plasmids w ith  plasmid pMS1
Plasmid pMS1 is  a d e r iv a t iv e  o f  pILJ16 constructed in  t h i s  lab o ra to ry  
by Moira Stark. The 0 .8 -kb  Sa il  fragment con ta in ing  p a r t  o f  the argB 
gene has been de le ted. This leaves on ly  a p a rt o f  the argB gene which 
corresponds to  the region con ta in ing  the les ion  in  the argB2 mutant 
a l l e le  (F ig . 4 .12). This plasmid can on ly  transform  by in te g ra t in g  a t 
the argB locus thus re c o n s t i tu t in g  an argB*  a l l e le .  pMS1 transforms
fiargB2 s t ra in s  o f  A .n idu lans a t low frequency: 2 transformants per 10 
p ro to p la s ts  (B irse , 1990). As a con tro l experiment the e f fe c t  o f  the 
a d d it io n  o f  pHELPI and pHELP3 to  trans fo rm ations  o f  argB2 s t r a in  G34
w ith  pMS1 was examined. Over th ree  trans fo rm ations  pMS1 alone gave 0.7
fi +transformants per 10 p ro top las ts . pMS1 plus pHELPI gave 0.4 ARG
fi +transformants per 10 p ro to p la s ts ,  and pMS1 plus pHELP3 gave 0.1 ARG
fitransformants per 10 p ro to p la s ts . Control trans fo rm ations  w ith  pHELPI 
and pHELP3 alone gave no transformants.
The f a i l u r e  o f  th e  h e lp e r  p lasm ids to  enhance pMS1 m ed ia ted  
t ra n s fo rm a t io n  co n firm s  th a t  the enhancement o f  t r a n s fo r m a t io n
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e f f ic ie n c y  by he lper plasmids does not invo lve  in te ra c t io n  w ith  the
chromosomal a l l e le  o f  the trans fo rm a tion  marker.
4.11 S t a b i l i t y  o f  ARG+ pMS1 transform ants
Progeny o f  fo u r  ARG+ transform ants w ith  pMS1 were examined. No ARG-
c o lo n ie s  were seen, im p ly in g  t h a t  s t a b le  i n t e g r a t i o n  o f  pMS had
occurred ( t o ta l  sample s ize : 972). The progeny o f  25 ARG+ colon ies
re s u l t in g  from trans fo rm ation  w ith  pMS1 in  the presence o f  pHELPI were
also examined. In the case o f  22 trans fo rm ants , no ARG-  progeny were
seen ( t o t a l  sample s iz e :  a p p ro x im a te ly  2 ,0 0 0 ) .  However, in  th re e  
cases, MSH5, MSH10 and MSH12, 84%, 100%, and 12% r e s p e c t i v e l y  o f  
progeny were ARG- . The s t a b i l i t y  o f  6 each o f  the ARG+ progeny o f  MSH5 
and MSH12 was ascerta ined. On average 75% and 77% o f  progeny were 
ARG+.
There are two p o s s ib le  e x p la n a t io n s  f o r  t h i s  r e s u l t :  f i r s t l y ,  
experimental e r ro r  -  i . e .  contamination o f  pMS1 DNA w ith  a very small 
amount o f  p ILJ16; secondly, th a t  recombination between pMS1 and pHELPI 
to  form a plasmid c o in te g ra te  o c c u r re d .  T h is  c o in t e g r a t e  then  
in teg ra ted  a t the argB locus regenerating a fu n c t io n a l argB a l le le .  
The argB-pHELP1 sequence then excised by means o f  an unusual non- 
homologous recombination event, generating an autonomously re p l ic a t in g  
p lasm id c a r ry in g  th e  argB gene p lu s  f l a n k in g  sequences from  th e  
chromosome.
Discussion and prospects
The re s u lts  described in  t h i s  chapter show th a t ,  as in  the  cases o f  
S .ce rev is iae  (Jimenez and Davies, 1980), and S. pombe (Sakai e t  a l , 
1984) c o tra n s fo rm a t io n  o f  n o rm a l ly  i n t e g r a t i n g  w i t h  autonomous 
plasmids re s u lts  in  recombination to  form autonomously re p l ic a t in g  
plasmid co in tegra tes . As in  the case o f  S.pombe th is  was found to  
re s u l t  in  an increase in trans fo rm ation  .e f f ic ie n c y  o f  the  normally 
in te g ra t iv e  plasmid o f  two orders o f  magnitude. I t  was a lso  shown th a t  
the frequency o f  such co transform ation is  l i k e l y  to  be dependent on 
the existence o f  sequence homology between cotransform ing plasmids: 
the s u b s t i tu t io n  o f  the b a c te r ia l  sequence pIC20-R o f  pHELPI, which 
has extensive homology w ith  the pUC8 sequence o f  pILJ16, w ith  the non- 
homologous P15-A -  based pACYC184 sequence o f  pHELP2, re s u l ts  in  a 94%
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decrease in  trans fo rm ation  e f f ic ie n c y .  Whether the recombination event 
g iv in g  r is e  to  the co in teg ra te  pC0T2 resu lted  from a small region o f 
homology between th e  two p la sm id s , o r  t o  a c o m p le te ly  random 
recombination event is  not c le a r .  To determine t h i s  i t  would be 
necessary to  sequence the DNA o f  the ju n c t io n  region between the two 
plasmids and compare i t  w ith  the sequence o f  pACYC184 and AMA1 (Scott 
Robertson, work in  progress).
These re s u lts  conform in  two ways w ith  the ru les  adduced from the 
review in  the chapter in t ro d u c t io n :  co transform ation invo lves  plasmid 
recom b ina tion  to  form h e te ro d im e rs , and homologous re c o m b in a t io n  
appears to  be favoured over non-homologous (see a lso chapter 5 ) . The 
occurrence o f  p lasm id recom b ina t io n  as d e m ons tra ted  does n o t ,  o f  
course, prove th a t  i t  is  the  basis o f  co transfo rm ation , ra th e r  than 
in c id e n ta l to  i t .  On the o the r hand, i t  does o f fe r  a s im p le r, more 
p lausable, and more complete exp lanation  o f  the phenomenon.
Since the  work descr ibed  in  t h i s  c h a p te r  was c a r r ie d  o u t  s i m i l a r  
r e s u l t s  have been descr ibed  u s in g  ARp1 in  c o t r a n s fo r m a t io n s  o f  
A.orvzae (Russ e t a l ,  1990). In trans fo rm ations  w ith  an in te g ra t iv e  
plasmid and ARp1, co transform ation  occurred a t a high frequency, and 
Southern ana lys is  revealed th a t  co in teg ra tes  between the two plasmids 
had formed. In a fu r th e r  experiment transfo rm ations o f  ARp1 and a non- 
homologous in t e g r a t i v e  p lasm id c a r r y in g  th e  gene e n co d in g  th e  
a r t i f i c i a l  sweetener thaumatin, one cotransformant was found which 
showed a 1, 000- f o ld  enhancement o f  thaumatin production (Hahm and 
B a tt ,  1990). Since the plasmid copy number in  th is  trans fo rm ant was 
not s ig n i f i c a n t ly  h igher than normal i t  was in fe r re d  th a t  an increase 
in  gene expression had occurred, perhaps as a re s u l t  o f  non-homologous 
recombination between cotransform ing plasmids.
88
CHAPTER 5
Use o f  co transform ation  to  clone the  gene MO
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In tro d u c tio n
The use o f  ARp1 based plasm ids in  gene c lon ing
As d escr ibed  in  the  main i n t r o d u c t io n ,  au tonom ous ly  r e p l i c a t i n g  
plasmid vectors are in  most respects super io r to  in te g ra t in g  ones fo r  
the purpose o f  gene c lon ing  by complementation o f  mutant a l le le s  w ith  
a gene l ib r a r y .  I t  is  expected th a t  pDHG25 w i l l  serve as an e f fe c t iv e  
vec to r f o r  l ib r a r y  co n s truc t ion  and gene c lon in g . Jim Kinghorn (pers. 
comm.) is  p resen tly  co n s tru c t ing  a gene l ib r a r y  o f  A .n ig e r  DNA in  t h i s  
vec to r. However, in  t h i s  p ro je c t  a d i f f e r e n t  approach was taken to  
using ARp1 based plasmids to  improve gene c lon ing  methodology which 
doesn’ t  necessita te  l ib r a r y  co n s tru c t ion .
I t  was shown in  chapter 4 th a t  a d d it io n  o f  he lper plasmids ca rry in g  
the  AMA1 sequence to  t ra n s fo rm a t io n s  w i th  n o rm a l ly  i n t e g r a t i n g  
plasmids re s u lts  in  a) g re a t ly  enhanced e f f ic ie n c y  o f  trans fo rm a tion  
and b) maintenance o f  the normally in te g ra t in g  plasmid as p a r t  o f  a 
f r e e ly  re p l ic a t in g  co in te g ra te .  This im p lies  th a t  ra th e r  than having 
to  cons truc t a gene l ib r a r y  in  an autonomously maintained vec to r de 
novo, i t  should be poss ib le  to  convert in te g ra t iv e  vectors  used fo r  
gene bank c o n s t ru c t io n  to  autonomous v e c to r s  in  v iv o  s im p ly  by 
cotransform ing them w ith  a he lper plasmid. Construction  o f  a gene 
l ib r a r y  o f  A .n idulans DNA in  the in te g ra t iv e  vec to r pILJ16 has been 
described by Johnstone (1985a).
Cloning by cotransformation
The s ing le  c le a r  disadvantage to  such a method is  th a t  the large s ize  
o f  c o in te g ra te s  r e s u l t in g  from re c o m b in a t io n  between h e lp e r  and 
pILJ16 gene l i b r a r y  p lasm ids m ight h in d e r  t h e i r  r e i s o l a t i o n  i n t o  
E . c o l i . An examination o f  fa c to rs  a f fe c t in g  the e f f ic ie n c y  o f  plasmid 
rescue is  described in  the f i r s t  pa rt o f  the re s u lts  sec tion  o f  t h i s  
chapter.
A fu r th e r  cons ide ra tion , which would eq ua lly  apply to  the use o f  a 
pDHG25 gene l ib r a r y ,  concerns the number o f  p o te n t ia l  transfo rm ants  
th a t  i t  would be necessary to  generate in  order to  have a given 
p ro b a b i l i t y  o f c lon ing  a given DNA sequence. Clarke and Carbon (1976) 
devised a formula to  re la te  the number o f  gene bank transform ants to  
the p ro b a b i l i t y  o f  complementation o f  a mutation in the transformed 
s t ra in :
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N = ln (1 -P ) / ln (1 -1 /n )  
where N = number o f  ( p o te n t ia l )  transform ants , P = p r o b a b i l i t y  o f  the 
occurrence  o f  complementation and n = s iz e  o f  genom e/s ize  o f  th e  
l ib r a r y  DNA in s e r t .  However, one assumption o f  t h i s  formula is  th a t  
each transform ant has been transformed by a s in g le  plasmid. Since, as 
has been shown, trans fo rm a tion  w ith  ARp1 based plasmids u su a l ly  occurs 
by uptake o f  more than one transform ing  sequence, and a lso , given th a t  
on ly  a p ropo rt ion  o f  plasmid vectors  conta in  l ib r a r y  in s e r ts ,  the real 
value o f  n:
n ’ = n/xy
where x = the average number o f  plasmids taken up per p ro to p la s t  and y 
= the f r a c t io n  o f  vectors con ta in ing  l ib r a r y  in s e r ts .  Thus:
N’ = ln ( 1 - P ) / ln ( 1 - 1 /n ’ )
o r :  N’ = N/xy
C le a r ly ,  in  the case o f  ARp1 based gene l ib r a r ie s ,  N’ < N, suggesting 
th a t  complementation should o ccu r t h a t  much more f r e q u e n t l y .  
T h e o re t ic a l ly ,  a very approximate value o f  x could be ca lcu la te d  i f  a 
small number o f  transformants are obta ined, N’ and y are known, and P 
is  supposed to  be between 0.5 and 0.9. With respect to  the pILJ16 gene 
l ib r a r y ,  average in s e r t  s ize  = 5 kb, y = 0.5 and the A .n idu lans genome 
s ize  is  31,000 kb (Brody and Carbon, 1989). x is  unknown, but i f  i t  
were 5 then:
N =14 ,275  
N’ = 5,710
fo r  an 90% p ro b a b i l i t y  o f  a s ing le  occurrence o f  complementation.
The genes adC and adD both encode the adenirte b io s y n th e t ic  enzyme AIR 
carboxylase (Pontecorvo e t  a l ,  1953; Foley e t  a l , 1965). The adD gene 
was picked fo r  c lon ing  because o f  i t s  p ro x im ity  to  the gene ygA which 
a f fe c ts  production both o f  conidiophore melanin and the dark-green 
c o n id ia l  p igment, ra th e r  than any i n t e r e s t  in  adD i t s e l f .  ygA is  
discussed in d e ta i l  in chapter 7.
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Figure 5.1. Graph showing v a r ia t io n  o f  trans fo rm a tion  frequency w ith  
s ize  o f  trans fo rm ing  plasmid in  E . c o l i .
These re s u lts  were obtained from a s ing le  experiment. Equal masses o f 
p lasm id DNA was used f o r  each t r a n s fo r m a t io n ;  r e s u l t i n g  da ta  are  
represented as open boxes. Data were then d iv ided  by the quo t ien t o f  
th e  s iz e  o f  the  la rg e s t  p lasm id (40 kb) and th e  s iz e  o f  th e  
trans fo rm ing  plasmid, in  order to  show trans fo rm ation  frequencies a t a 
constant m o la r i ty .  Resulting data are represented as black boxes.
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Results
5.1 In v e s tig a tio n  o f fa c to rs  a f fe c t in g  e f f ic ie n c y  o f plasmid  
rescue
F i r s t l y ,  the e f fe c t  o f  plasmid s ize  on e f f ic ie n c y  o f  trans fo rm ation  o f
RE .c o l i  was examined. Equal amounts o f  7 plasmids ca rry in g  the amp 
gene ranging in  s ize  from 2.7 kb up to  40 kb were used to  transform  
competent c e l l s  o f  E .c o l i  s t r a i n  DH1. The r e s u l t i n g  numbers o f  
tra n s fo rm a n ts  were p lo t te d  a g a in s t  p la s m id  s iz e  ( F ig .  5 . 1 ) .  The 
trans fo rm a tion  frequencies d iv ided  by t h e i r  m o la r i ty  r e la t iv e  to  the 
la rg e s t  plasmid were a lso p lo t te d .  A c le a r  negative c o r re la t io n  o f  
plasmid s ize  w ith  trans fo rm ation  e f f ic ie n c y  was seen, as expected. I t  
is  be lieved th a t  the low frequency found using the 2.7-kb plasmid 
(pl)C18) was the re s u l t  o f  experimental e r ro r .  From th is  graph i t  can 
be ca lcu la ted  th a t  plasmid rescue o f pDHG25 w ith  a 5-kb l ib r a r y  in s e r t  
(15.5 kb) would occur 70% more e f f i c i e n t l y  than th a t  o f  a co in teg ra te  
o f  pILJ16 w ith  a 5-kb in s e r t  and pHELPI (18.3 kb). To maximise plasmid 
rescue e f f ic ie n c y  i t  was decided to  use pHELP3 (5.8 kb) which would 
form 16.2-kb co in teg ra tes  w ith  pILJ16 w ith  a l ib r a r y  in s e r t ,  although 
the enhancement o f  trans fo rm ation  e f f i c ie n c y  w ith  pILJ16 by pHELP3 is  
on ly  50% o f  th a t  using pHELPI.
The e f f e c t  o f  the  presence o f  chromosomal DNA on e f f i c i e n c y  o f  
t r a n s f o r m a t i o n  o f  E . c o l i  w i t h  p la s m id s  was e x a m in e d . In  
trans fo rm ations  using a 5.4-kb and a 14.0-kb plasmid vary ing  amounts 
o f  A s p e r g i 11 us chromosom al DNA was added and th e  e f f e c t  on 
trans fo rm ation  e f f ic ie n c y  noted (F ig . 5 .2 ) .  I t  can be seen th a t  a 
decrease in plasmid to  chromosomal (p :c )  DNA r a t io  o f  1:20 to  1:160 
causes a 100-fold  drop on trans fo rm ation  e f f ic ie n c y .  Given an mean 
copy number o f  30 plasmids per haplo id genome, a 16—kb plasmid would 
be present a t a p:c r a t io  o f  480 kb : 31,000 kb = 1 : 65.
The Holmes and Quigley (1981) b o i l in g  plasmid mini prep invo lves a 
step which increases p :c  r a t io .  When lysed c e l ls  are bo iled  in  STET 
b u f f e r ,  denatured chromosomal DNA and p r o t e in  fo rm  an i n s o lu b le  
aggregate which can be spun down, while  plasmid DNA ra p id ly  renatures 
and remains in  so lu t io n  in  the supernatent. In  order to  reproduce t h i s  
e f fe c t  vary ing amounts o f  BSA (bovine serum albumen) was added to  STET 
b u f fe r  conta in ing  0.5 ug/u l DNA from an A .n idu lans ARG+ transform ant 
w ith  ARp1. .A b o i l i n g  p re p -p roce du re  was th e n  f o l lo w e d ,  and th e
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re s u l t in g  DNA p re c ip i ta te d  and resuspended in  TE. DNA concen tra t ion  
was then assayed v is u a l ly  on an EtBr s ta ined m in ig e l.  The re s u l ts  are 
d isp layed in  Table 5 .1 . A reduction  in  the amount o f  chromosomal DNA 
w ith  increas ing  amounts o f  BSA is  ev iden t. 700 ng o f  each o f  the
re s u l t in g  DNAs were then used to  transform  competent c e l l s  o f  E .c o l i
R 6s t r a i n  DH1 w i t h  s e l e c t i o n  f o r  amp (c o m p e te n c e :  1 .2  x 10
trans fo rm an ts / ug DNA). The re s u lts  are shown in  Table 5 .1 . Plasmid
rescue was only successful in  one "case which used a DNA in  which the
amount o f  chromosomal DNA had been reduced. This may o r  may not be due
to  an increase in  the p :c  r a t io  as a re s u l t  o f  the p re c ip i ta t io n  o f
the chromosomal DNA.
5.2 Cotransformation o f  an adD3 s t r a in  o f  A .n idu lans
30 trans fo rm ations  o f  s t ra in  G135 (yA2:adD3 : leuAO were c a r r ie d  out 
s e le c t in g  fo r  AD+ . 1 ug each o f  pHELP3 and the pILJ16-based gene 
l ib r a r y  and 1x107 p ro to p la s ts  were used in  each tra ns fo rm a tion . The 
amounts o f  DNA used were cons iderably  below s a tu ra t in g  le ve ls  in  o rder 
to  maximise the  number o f  t ra n s fo rm a n ts  p e r u n i t  DNA. Two AD+ yA~ 
c o lo n ie s ,  both w ith  u n s ta b le ,  h e te r o k a r y o n -1 ik e  appearance , were 
obta ined.
5.3 C ha rac te r isa t ion  o f  two AD+ transform ants
C on id ia  from the  two t r a n s fo rm a n ts , TAD1 and TAD2, were s ta b -  
inocu la ted  onto MM, and MM supplemented w ith  leuc ine. I t  was found in  
both cases th a t  growth occurred on MM plus leuc ine, but not on MM 
a lone , suggest ing  th a t  these c o lo n ie s  were no t th e  r e s u l t  o f  
contamination.
Conidia from TAD1 and TAD2 were p la ted  on CM supplemented w ith  
adenine (non-se lec t ive  co n d it io ns )  and progeny used to  stab in o cu la te  
24 colony array master p la tes  (a lso  on CM plus adenine). 8 master 
p la tes  o f  each were then tes ted  f o r  AD+ . In  the case o f  TAD1 3/192 
(1.5%) were AD+ . And o f  TAD2 progeny 13/192 ( 6 . 8%) were AD+ . Thus, the 
transfo rm ing  adD4" sequence is  h ig h ly  m i t o t i c a l l y  unstable.
I t  was also found th a t  when con id ia  from TAD1 and TAD2 were p la ted  
onto CM, 80-90% o f  progeny in each case f a i le d  to  co n id ia te .  The re s t  
grew and con id ia ted normally. When te s ted , non-conidi a t in g  progeny 
were found to  be AD" and c o n id ia t in g  progeny AD+ .
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Table 5.1 Use o f  b o i l in g  procedure to  increase plasmid to  chromosomal 
(p : c) DNA r a t io
DNA o f  an ARG+ transform ant o f  A .n idu lans w ith  ARp1 was trea ted  in the 
presence o f  v a r io u s  c o n c e n t ra t io n s  o f  BSA t o  c o p r e c i p i t a t e  w i th  
chromosomal DNA. 700ng o f  each DNA was then used to  transform  E. col i 
s t r a in  DH1 s e le c t in g  f o r  a m p ic i l l in  res is tence .
Concentration o f  DNA concentra tion  Number o f  ampr
BSA (u g /u l)  a f t e r  treatm ent (u g /u l)  transform ants
2.5
0
(0 .4 )
0.4
0.4
0
0
0
12.5 0.2
63 0.1 0
* Not subjected to  the b o i l in g  prep.
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Figure 5.3. Southern b lo t  ana lys is  o f  DNA from TAD1 and TAD2.
Uncut chromosomal DNA was run on a 0.8% agarose gel.  The b lo t  prepared 
from t h i s  gel was probed w ith  rad io labe l led  pUC18.
Lane 1). DNA from untransformed A.nidulans s t r a in  G34.
Lane 2) ARp1 transformant DNA o f  s t r a in  G34.
Lane 3) TAD1.
Lane 4) TAD2.
d, dimeric  cccDNA; m l , adD+ plasmid cccDNA monomer; m2, ARp1 cccDNA 
monomer.
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5.4 Southern a n a lys is  o f  TAD1 and TAD2
DNA was prepared from transform ant s t ra in s  TAD1 and TAD2 grown under 
s e le c t iv e  co nd it io ns . This was then sub jected , uncut, to  Southern 
ana lys is  using a ra d io la b e l le d  pUC18 probe. Uncut DNA from an ARG+ 
ARp1 transform ant was run alongside f o r  comparison. In  the TAD1 tra ck  
pUC8 hybrid ised  to  DNA running a t approximately the same p o s it io n  as 
the d im eric  ARp1 (23 kb) and a lso  to  approximately the p o s it io n  o f  the 
chromosomal DNA (F ig .  5 .3 ) .  Whether t h i s  l a t t e r  re p re s e n ts  pUC 
sequences in tegra ted  in to  the chromosome, o r  a sm a lle r , f re e  plasmid 
runn ing  a t  th e  same p o s i t io n  is  u n c le a r .  In  th e  TAD2 t r a c k  no 
h y b r id is a t io n  was detected. This may be due to  a lower abundance o f  
t ra n s fo rm in g  p lasm id ; the  i n s t a b i l i t y  o f  TAD2 c h a r a c t e r i s t i c  o f  
trans fo rm ation  by an ARp plasmids, described in  section  5 .3 , suggests 
th a t  f re e  plasmid is  present. A l te rn a t iv e ly ,  pUC8 derived sequences 
may have been lo s t  from the transform ant.
5.5 Plasmid rescue from transform ant TAD1
Whole DNA from TAD1 and TAD2 were used to  transform  competent c e l ls  o f
RE .c o l i  s t ra in  DS941. 14 AMP co lon ies were obtained using TAD1 DNA, 
and none were obtained using TAD2 DNA. S ing le  colony gel ana lys is  
showed th a t  plasmids from d i f f e r e n t  co lon ies  were not id e n t ic a l  (data 
no t shown). Large sca le  p re p a ra t io n s  were c a r r ie d  o u t  o f  th re e  
apparently  d i f f e r e n t  plasmids.
5.6 Transformation o f  A .n idu lans w ith  rescued plasmids
These p lasm ids, des igna ted  padD3, padD7 and padD11 were used t o  
transform  A.n idulans s t r a in  G135, se le c t in g  f o r  AD+. padD3 and padD11 
d id  not give AD+ transform ants, and r e s t r i c t i o n  ana lys is  showed these 
to  be pILJ16 and pHELP3 re spec t ive ly . padD7 gave a low frequency o f
* c
t rans fo rm ation  to  AD : 1-5 transformants per 10 p ro to p la s ts  over
e ig h t transfo rm ations.
The s t a b i l i t y  o f  the AD+ phenotype in  fo u r  AD+ transform ants was 
tested  by p la t in g  con id ia  onto CM and observing the p ropo rt ion  o f  
c o n id ia t in g  AD+ progeny. 86-93% o f progeny had lo s t  the adD+ gene. 
I n i t i a l  r e s t r i c t io n  ana lys is  suggested th a t  padD7 consisted o f  two 
plasmids which were designated padD7a and padD7b.
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Figure 5.4. S ing le  colony gel ana lys is  o f  a m p ic i l l in  r e s is ta n t  E .c o l i 
c o lo n ie s  trans fo rm ed  w ith  u n r e s t r i c t e d  DNA from  s u b c u l tu r e d  
A .n idu lans transformant s t ra in  TAD1.
Lane 1) p ILJ16.
Lane 2) ARp1.
Lane 3) -  15) Plasmids rescued from subcultured TAD1 DNA.
Lanes 5 and 6 correspond to  pDHG7 and pDHG8.
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5.7 Separation o f  padD7a and padD7b
padD7 was used to  transform  E .c o l i  s t r a in  DS941 to  AMPR. S ing le  colony 
gel ana lys is  was used to  id e n t i f y  co lon ies con ta in ing  one o r o ther o f  
the two plasmids. Plasmid DNA was prepared in  each case and used to  
t ra n s fo rm  A .n id u la n s  s t r a in  G135. No AD+ c o lo n ie s  were seen. 
R e s t r ic t io n  ana lys is  o f  padD7a and padD7b was c a rr ie d  ou t. padD7a was 
a 7 .9-kb plasmid the r e s t r i c t i o n  p a tte rn  o f  which bore no resemblance 
to  e i th e r  pILJ16 o r  pHELP3. padD7b was pILJ16. I t  was concluded th a t  
n e ith e r  o f  these could conta in  adD*. th e re fo re  a t h i r d  plasmid was 
present in  the padD7 plasmid m ixture a t  a very low abundance. Various 
a ttem pts  to  i s o la te  th e  t h i r d  p la sm id  from  th e  m ix tu re  were no t 
successfu l.
5.8 Plasmid rescue from subcultured AD+ transform ants
In  order to  circumvent the problem o f  r e is o la t in g  the wrong plasmid i t  
was decided to  subcu ltu re  AD+ transformants under s e le c t iv e  cond it ions  
in  order to  t r y  to  cure them o f  unselected plasmids. Progeny o f  fou r  
AD+ tra n s fo rm a n ts  us ing  padD7 were s e r i a l l y  s u b c u l tu re d  under 
s e le c t iv e  cond it ions  through 3 asexual generations. At each generation 
some con id ia  were p la ted  on CM and the same high leve l o f  i n s t a b i l i t y  
o f  the AD+ phenotype was seen. DNA was then prepared and used, uncut, 
to  transform competent c e l ls  o f  E .c o l i  s t r a in  DH5. From one o f  these
D
transfo rm ations 13 AMP co lon ies were obta ined. S ing le  colony gel 
ana lys is  revealed th a t  a l l  13 co lon ies  contained a s in g le  plasmid 
species g rea ter than 12 kb in s ize  (F ig . 5 .4 ) .
5.9 Transformation o f  A .n idu lans w ith  rescued plasmids
Plasmid DNA was prepared from two AMPR co lon ies  and used to  transform  
A . n i d u 1ans s t r a i n  G135 ( adD3 ) s e l e c t i n g  f o r  AD+ . O ver t h r e e  
trans fo rm ations  the two plasmid preps, designated pDHG7 and pDHG8 , 
gave an average o f  18,000 and 17,000 AD+ transformants re sp ec t ive ly .
Located 0.1 map u n its  proximal to  the adD locus on linkage group I I  
is  the  adC locus . In  o rd e r  to  t e s t  th e  p o s s i b i l i t y  t h a t  th e  
neighbouring adC had been cloned in the  same DNA fragment con ta in ing  
adD. A.n idulans s t ra in  G225 (vA2:adC1 :pyroA4) was transformed w ith  
pDHG7 and pDHG8 , s e le c t in g  f o r  AD+ . T ra n s fo rm a t io n  o c c u r re d  a t  a 
frequency  o f  0 .5  and 1.1 AD t ra n s fo rm a n ts  r e s p e c t i v e l y  pe r 10
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Figure 5.5. R e s t r ic t io n  d iges ts  o f  pDHG7 and pDHG8 .
Only s i g n i f i c a n t  d igests  are labe l led :  lambda Hind l l l  s ize  standards
are given in kb on the l e f t .
Digests are as fo l low s :
Lane 1) pDHG7, BamHI, 2) pDHG7, S a i l ,  3) pDHG7, EcoRI, 4) pDHG8, 
BamHI, 5) pDHG8, S a i l ,  6) pDHG8, EcoRI.
Estimated sizes o f  EcoRI fragments o f  pDHG8 are given on the r i g h t .
fa c ing  page 96a
p ro to p la s ts ,  and transform ant colony growth was weak. Growth o f  e ig h t 
adC*  co lon ies  was tes ted  on MM, and MM plus pyrodoxine. A l l  were found 
to  grow on MM plus pyrodoxine, but not on MM alone, suggesting th a t  
these were trans fo rm ants , and not contaminants. Th is re s u l t  may be 
in te rp re te d  as s ig n i fy in g  th a t  pa r t o f  the adC gene on ly  has been 
cloned. -
5.10 C ha rac te r isa t io n  o f  AD+ transformants w ith  adD*
adD*  transform ants had a s l i g h t l y  uneven colony morphology, s im i la r  to  
th a t  seen in  ARG* transform ants w ith  ARp1. A l l  were yA~, LEU".
Transformants were unstab le: con id ia  from fo u r  transform ants w ith  
each o f  pDHG7 and pDHG8 were p la ted on CM. On average 13.7% and 22.7% 
re sp e c t ive ly  o f  progeny were AD* ( to ta l  sample s ize : 577).
5.11 C ha rac te r isa t ion  o f  pDHG7 and pDHG8
When pDHG7 and pDHG8 were r e s t r i c t e d  w i t h  EcoRI, bands o f  two 
d i f f e r e n t  in te n s i t ie s  were seen, suggesting th a t  both plasmid preps 
contained two plasmid species o f  d i f f e r in g  abundance (F ig . 5 .5 , Table 
5 .2 ) .  The sum o f  the s izes o f  the high and low abundance plasmids were 
ca lcu la ted . Assuming th a t  the d id  not have bands in  common, in
pDHG7 they were 8.3 kb and 17.8 kb re s p e c t iv e ly ;  in  pDHG8 they were
5.9 kb and 17.8 kb re sp ec t ive ly .  The r e s t r i c t i o n  pa tte rns  w ith  Sa il  
and EcoRI s tro n g ly  suggested th a t  the sm a lle r plasmid in  pDHG8 was 
pHELP3, and in  pDHG7, a s l i g h t l y  enlarged d e r iv a t iv e  o f  pHELP3. I t  was 
surmised th a t  the la rg e r  plasmid in each p repara tion  was l i k e l y  to  be 
a co in teg ra te  formed from pHELP3 and pILJ16 w ith  a l ib r a r y  in s e r t .  The 
large plasmid in  each case was designated pDHG7a and pDHG8a, and the 
small one pDHG7b and pDHG8b.
5.12 Attempted separation o f  pDHG8a and pHELP3
In order to  p u r i f y  the p u ta t ive  co in teg ra te  competent c e l ls  o f  E .c o l i  
s t r a in  DH1 were transformed to  AMPR w ith  pDHG8 . S ingle colony gel 
analyses o f  68 transformants were ca rr ie d  ou t. A l l  contained pHELP3.
In a d i f fe r e n t  approach pDHG8 was r e s t r ic te d  w ith  a range o f  enzymes 
in order to  f in d  one which l in e a r ise d  pDHG8a. The l in e a r  pDHG8a could
j
then be gel p u r i f ie d ,  l ig a te d  to  i t s e l f  and transformed in to  E . c o l i . 
C lal  was found to  l in e a r is e  pDHG8a (F ig . 5 .6 ) ,  and the plasmid was
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Table 5.2. R e s t r ic t io n  a n a lys is  o f  pDHG7 and pDHG8 
When pDHG7 and pDHG8 were r e s t r i c t e d  w i t h  EcoRI ( F ig .  5 .5 )  
subjected to  AGE, bands o f  two d i f f e r e n t  in te n s i t ie s  were seen 
each, in d ic a t in g  th a t  each contained a m ixture o f  two plasmids.
Fragment s izes  re s u l t in g  from Sum o f  fragment
Plasmids r e s t r i c t i o n  w ith  EcoRI s izes (kb)
pDHG7a 7.5, 6 .0 , 2 .1 , 1.7, 1.0 17.8
pDHG7b 4.0, 2 .4 , 1.9 8.3
pDHG8a 7.5, 6.0 , 2 .1 , 1.7, 1.0 17.8
pDHG8b 4 .0 , 1.9 5.9
and
in
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Figure 5.6. R e s t r ic t io n  d ig es ts  o f  plasmid m ixtures pDHG7 and pDHG8 .
Lambda H in d l l l  s ize standards are given in kb, on the r i g h t .
Digests are as fo l low s :
Lane 1) pDHG7, uncut, 2) pDHG8 uncut, 3) pDHG7, BamHI, 4) pDHG8, 
BamHI, 5) pDHG7, Xhol, 6) pDHG8, Xhol, 7) pDHG7, C la l ,  8) pDHG8,
Cla1, 9) pDHG7, M i l l ,  10) pDHG8, B g l l l .
Estimated sizes o f  M a i  r e s t r i c t i o n  fragments o f  pDHG8 are given on 
the l e f t .
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iso la te d  as described and transformed in to  E .c o l i  s t r a in  DH1. B o i l in g
Rpreps o f  plasmid DNA from th ree  re s u l t in g  AMP co lon ies  were ca rr ied  
out. The plasmid y ie ld s  were found to  be unusua lly  low. These were 
r e s t r ic te d  w ith  M a i  and run on a gel next to  M a i  re s t r ic te d  pDHG8 
f o r  comparison. Each o f  the plasmid m inipreps y ie lded  a s in g le  l in e a r  
M a i  fragment corresponding in  s ize  to  pDHG8a (F ig . 5 .7 ) .  However when 
a large sca le prep o f  one o f  these plasmids, designated pDHG15, was 
ca rr ie d  out i t  proved to  conta in both pDHG8a and pHELP3 (F ig . 5 .8 ) .  
The same proved to  be t ru e  when la rg e  s c a le  p reps  o f  th e  o th e r  
plasmids were c a r r ie d  out.
These re s u lts  were in te rp re te d  as fo l lo w s :  the pIL16-library/pHELP3 
co in teg ra te  f o r  some reason is  very poorly  maintained by E . c o l i , hence 
the low y ie ld  o f  pDHG8a from the b o i l in g  preps. Thus when re so lu t io n  
occurs to  y ie ld  the two plasmid components, c e l l s  con ta in ing  pHELP3 
grow ra p id ly .  The p IL J 1 6 - l ib ra ry  component, however, is  d isabled and 
cannot re p l ic a te  a t a l l .  The s e le c t iv e  advantage fo r  the resolved 
pHELP3 is  so g reat th a t  re so lu t io n  is  seen even in  the recA s t ra in s  o f  
E .co l i  used. This is  not seen when plasmid from b o i l in g  preps using a
1.5ml E .c o l i  c u l tu re  is  used. However, in  the  large scale plasmid 
prep, us ing  200ml c u l t u r e  volumes where many more c e l l  d i v i s i o n s  
occu r, s u f f i c i e n t  t im e  is  g iven  f o r  th e  o c c u r re n c e  o f  ra re  
co in teg ra te  re so lu t io n s .  The products o f  these lead to  the c e l ls  
c o n ta in in g  them r a p id ly  ou tg row ing  th o s e  c o n ta in in g  th e  i n t a c t
D
co in teg ra te ; on the o ther hand B-lactamase produced by the amp gene 
in  the former c e l l s  may a llow  enhanced growth o f  the l a t t e r .  Thus, 
separation o f  pDHG8 and pHELP3 is  not poss ib le .
5.12 R e s t r ic t io n  mapping o f  pDHG8a
Since prepara tion  o f  pDHG8a in  the absence o f  pDHGb was not possib le  
r e s t r i c t io n  mapping was ca rr ie d  out as fo l lo w s :  pDHG8b was taken to  be 
pHELP3, and i t  was assumed th a t  the co in teg ra te  contained a pHELP3 
component. R e s t r ic t io n  fragments seen on gels which were both a) o f  
h ig h e r  abundance, im p ly in g  th a t  th e y  came fro m  th e  more abundant 
pDHG8b, and b) would be expected to  be generated by r e s t r i c t io n  o f  
unrecombined pHELP3, but not pHELP3 recom bined th ro u g h  th e  pUC8 
component, were ignored. Six r e s t r i c t io n  d iges ts  were ca rr ie d  out o f  
pDHG8 , and these were separated on an agarose g e l.  DNA fragment s izes 
were ca lcu la ted , and then Southern b lo t  a n a lys is  was ca rr ied ' out, 
using a rad io labe l led pUC8 probe. The r e s t r i c t i o n  mapping ge l, and the
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Figure 5.7. R e s t r ic t io n  d igests  o f  DNA minipreps o f  pDHG8a.
Lambda H i n d l l l  s ize  standards are given on the r i g h t .  
Digests are as fo l low s :
Lane 1) pDHG7, Clal .
Lane 2) pDHG8, Clal .
Lane 3) -  5) pDHG8a, Clal .
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Figure 5.8. Agarose gel e lec trophores is  o f  plasmids pDHG7, pDHG8 and 
pDHG15 prepared from 200 ml cu ltu res  o f  E . c o l i .
Lane 1) pDHG7.
Lane 2) pDHG8.
Lane 3) pDHG15.
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Figure 5.9. R e s tr ic t io n  d iges ts  and Southern b lo t  ana lys is  o f  pDHG8 .
A: gel.  Only s i g n i f i c a n t  d igests  are lab e l le d ;  lambda H i n d l l l / EcoRI 
s ize standards are given in kb. LadD11 is  an EMBL3 lambda vec to r  
w i th  an A.nidulans DNA inse r t  con ta in ing  the e n t i r e  adD region (see 
chapter 7).
Single and double d igests are as fo l low s :
Lane 1).LadD11, EcoRI, 2) pDHG8, EcoRI. 3) LadD11, M i l l ,  4) pDHG8, 
M i l l  i 5) LadD11 , Bgl I l / S m a l , 6) pDHG8, B g l l l  Smal, 7) LadD11, 
EcoRI/Smal, 8) pDHG8, EcoRI Smal, 9) LadD11, EcoRI B g l l l ,  10) pDHG8, 
EcoRI B g l l l .
B: b lo t ,  prepared form gel above. Probed w i th  rad io labe l led  pUC18.
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Table 5.3 R e s tr ic t io n  and Southern b lo t  a n a lys is  o f  pDHG8
DNA fragments be lieved to  have come form pDHG8b alone are bracketted, 
and not included in  the sum o f  r e s t r i c t io n  fragment s izes . Fragments 
h y b r id is in g  w ith  ra d io la b e l le d  pUC8 and underlined.
R e s t r ic t io n  fragment , Sum o f  fragment
Enzymes(s) s izes  (kb) s izes (kb)
EcoRI 6 , .5J>, (3J>), 2, 1_^ 8, 1.75, 1.1 18.25
B g l l l  10, 5J>, 3 .3 1 18.9
B g ll l /S m a l 6 .4 . (5 .2 ) .  4 .1 . 2.1, 2, JK7, 1.3, 0.82 18.42
EcoRI/Smal 6 , 5^6, (3^4), 2, JU7, 1.1, 1.05, 0.72 18.7
E coR I/B g ll l  4 .6 , 3 .8 . (3 .4 ) ,  1.9, 1.9, U ; ,  1 .6 , 1.3, 1.1 17.95
P s t l /C la l  [6 .0 ,  5 .0 , 4 .1 , ] 2 2, 1.5 18.6
Average sum: 18.4
1 Other bands seen on gel correspond to  uncut plasmid pDHG8b.
o
£ These values were ca lcu la ted  from a separate gel and Southern b lo t  
(not shown). The nature o f  h y b r id is a t io n  to  the upper 3 bands was not 
c lea r .
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autoradiograph derived from i t  are shown in F ig. 5.9 . DNA fragment 
s izes are shown in  Table 5 .3 , w ith  fragments derived from the fre e  
DHG8b on ly  (which were ignored) in  brackets. DNA fragments w ith  which 
ra d io la b e l le d  pUC8 hyb rid ised  are underlined.
EcoRI and Smal, but not B g l l l ,  cu t a t  a s in g le  s i t e  in  the pUC8 
p o ly l in k e r .  None o f  these enzymes cut elsewhere in  pUC8 . Nonetheless, 
a l l  th ree  enzymes gave th ree  DNA fragments o f  pDHG8a which hybrid ised  
w ith  pUC8 . Thus, pDHG8a appears to  c o n ta in  th re e  c o p ie s  o f  pUC8 
derived sequences, which in  tu rn  im p lies  th a t  i t  is  the product o f  
recombination between th ree  plasmids, i . e .  a t r im e r .  The presence o f  
ju s t  one Clal  s i t e  in  pDHG8a suggests th a t  on ly  one o f  these is  
PHELP3. The second plasmid is  l i k e l y  to  be derived from pILJ16 w ith  a 
l ib r a r y  in s e r t  o f  approximately 5 kb.
Southern ana lys is  a lso  showed the  presence o f  a 2 .0 -kb  P s tI 
fragm ent, and 1 .7—kb EcoRI, Smal  a n d /o r  EcoR I / Smal  f ra g m e n ts  
h y b r id is in g  to  pUC8 (F ig . 5.9, lanes 2 and 8 ) .  Since pl)C8 sequences 
are 2.7 kb in s ize , and have a PstI  s i t e  a t  one end, and EcoRI and 
Smal  s i te s  a t the o th e r , t h i s  suggests th a t  in  the fo rm ation  o f 
pDHG8a a non-homo!ogous recombination event has occurred between pUC8 
sequences in opposite  o r ie n ta t io n s  r e la t iv e  to  each o the r. I t  a lso 
im p lies  th a t  in  t h i s  process 1.7 kb o f  pUC8 DNA was de leted.
The average s ize  o f  pDHG8a ca lcu la ted  from the sums o f  r e s t r i c t i o n  
fragment sizes is  18.4 kb. Given th a t  pILJ16 p lus approximately 5-kb 
l ib r a r y  in s e r t ,  p lus pHELP3 are l i k e l y  to  c o n s t i tu te  16.2 kb o f  the 
co in teg ra te ; and given th a t  a 1.7—kb d e le t io n  o f  pUC8 sequences has 
occurred, a remainder o f  3.5 kb is  l e f t  to  account f o r  the  t h i r d  
plasmid. When the assumption was made th a t  t h i s  t h i r d  plasmid was 
PILJ16 (5 .4  kb) and th a t  the DNA l ib r a r y  in s e r t  con ta in ing  adD+ was 
3.6 kb in  s ize  a model was generated w h ich  co rrespo nd ed  t o  th e  
r e s t r i c t io n  and Southern h yb r id is a t io n  pa tte rns  seen. In t h i s  model, 
PILJ16 w ith  a 3 .5-kb l ib r a r y  in s e r t  has recombined homologously w ith  a 
m olecu le  o f  pILJ16 w ith o u t  an i n s e r t ,  and n o n -h o m o lo g o u s ly ,  as 
described, w ith  pHELP3 (F ig . 5.10).
In chapter 7 the is o la t io n  and subcloning o f  adD sequences from an 
A .n idu lans DNA l ib r a r y  in  a lambda bacteriophage vec to r is  described. 
The d e ta i le d  r e s t r i c t i o n  map o f  a 3.1—kb B g l l l  fragment con ta in ing  the 
adC and adD genes was found to  correspond to  th a t  o f  the 3 .5-kb in s e r t  
in  pDHG8a. This is  shown in Fig. 5.11 which compares pDHG8a w ith  
pYG12, a plasmid con ta in ing  the AdD gene on a 3.1-kb B g l l l  fragment 
in s e r te d  in to  pBLUESCRIPTII KS+. In  th e  ge l shown in  F ig .  5 .9
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alongside the d iges ts  o f  pDHG8 are d iges ts  o f  an EMBL3 lambda vector 
w ith  a 13.6-kb in s e r t  (LadD11) con ta in ing  the adD reg ion. Comparing 
th e  EcoRI d ig e s ts  i t  can be seen t h a t  whereas th e  1 .7 -k b  EcoRI 
fragm ent i s  p resen t in  both  LadD11 and pDHG8 , th e  1.1 — kb EcoRI 
fragment is  on ly  present in  pDHG8 . Th is corresponds to  the map, where 
the 1.7-kb EcoRI fragment is  located w ith in  the  3 .5-kb l ib r a r y  in s e r t ,  
and the 1.1—kb EcoRI fragment is  formed by one EcoRI s i t e  w i th in  the 
in s e r t ,  and the o ther in  the pUC8 p o ly l in k e r .
99
Discussion
The re s u lts  described in  t h is  chapter show the successful use o f  
co transform ation  w ith  he lper plasmids to  f a c i l i t a t e  gene c lon ing  using 
a gene l ib r a r y  in  an A lp vec to r. I t  has been shown th a t  to  maximise 
the chances o f  success w ith  t h i s  method a number o f  measures should be 
taken. F i r s t l y ,  the s ize  o f  the two plasmid species used should be 
minimised, and the r a t io  o f  plasmid to  chromosomal DNA maximised to  
f a c i l i t a t e  plasmid rescue. The p : c r a t io  may perhaps be increased 
us ing a m o d if ie d  b o i l i n g  prep p ro cedu re  as d e s c r ib e d .  S e co nd ly , 
i n i t i a l  t ra n s fo rm a n ts  should be s u b c u l tu r e d  (u n de r  s e le c t i v e  
co nd it io ns )  to  cure them o f  as much unrecombined helper plasmid as 
p o s s ib le .  During s u b c u l tu re ,  t r a n s fo rm a n t  i n s t a b i l i t y  sho u ld  be 
checked and any s tab 'l ised in teg ran ts  should be discarded. For plasmid 
rescue the E .c o l i  s t ra in s  used should be as d e f ic ie n t  in  recombination 
as p o s s ib le  -  e s p e c ia l ly  homologous re c o m b in a t io n  -  t o  p re v e n t  
re so lu t io n  o f  the co in teg ra te .
A f u r t h e r  p o s s i b i l i t y  is  t h a t  pHELP3 i s  n o t  a s u i t a b l e  h e lp e r  
p la s m id  f o r  gene c l o n i n g .  C h a r a c t e r i s a t i o n  o f  A s o e r g i 11 us 
transformants w ith  pILJ23, pILJ25 and pDHG24, which conta in  fragments 
o f  AMA1 e i th e r  lack ing , o r w ith  reduced inve rted  r e p e t i t io n ,  showed 
th a t  changes in  plasmid s ize had occurred (data not shown). This 
im p l ie s  th a t  the  in v e r te d  repeat s t r u c t u r e  may add to  p la sm id  
s t a b i l i t y  w ith  respect to  rearrangement. I f  t h i s  were so, the non- 
r e p e t i t iv e  na tu re  o f  the AMA1-derived in s e r t  in  pHELP3 may re s u l t  in  
plasmid rearrangement, perhaps by non-homologous recombination.
The s tru c tu re  o f  pDHG8a shows th a t  even where there  is  sequence 
homology between recombining plasmids non-homologous recombination may 
s t i l l  occur. I t  a lso  suggests the p o s s ib i l i t y  th a t  the p ro pe rt ie s  o f  
AMA1 plasmids in  co transformations observed may be due to  s t im u la t io n  
o f  non-homologous re co m b ina t io n , a l th o u g h  as can be seen in  th e  
s t r u c tu r e  o f  pDHG8a, the  two non-AMA1 p la s m id s  p re s e n t  have 
recombined v ia  homologous recombination.
The d is ru p t io n  o f  two o f  the three pUC8 sequences conforms w ith  i t s  
disablement as an E .co l i  plasmid. However, i t  is  not easy to  envisage, 
from t h i s  s t ru c tu re ,  how i t s  re so lu t io n  occurs to  y ie ld  pHELP3, nor 
why the o ther re so lu t io n  product should be d isab led . I t  is  a lso  not 
c le a r  why re so lu t io n  does not give r is e  to  f re e  pILJ16.
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CHAPTER 6
Cotransformation w ith  l in e a r  DNA
101
In tro d u c tio n
As described in  the in t ro d u c t io n  to  chapter 4, unselected l in e a r  DNA 
has been found to  cotransform w ith  se lected cccDNAs a t frequencies 
gene ra l ly  lower than those found where unselected cccDNA is  used. In 
budding yeast 1% and 4% c o t ra n s fo rm a t io n  o f  l i n e a r  DNA w i t h  non- 
homologous re p l ic a t in g  plasmids was reported (S i l ic ia n o  and T a tc h e l l ,  
1984; Rudolph e t a l ,  1985). In  both these experiments expression o f  
coding regions on the unselected DNA was on ly  l i k e l y  to  be seen where 
i t s  chromosomal in te g ra t io n  by double crossover had occurred. Whether 
recombination o f  l in e a r  and cccDNA had occurred was not in ve s t ig a te d . 
In  a s im i la r  study a trpC+pyrA~ s t r a in  o f  A .n ig e r  was transformed w ith  
l in e a r  DNA cons is t ing  o f  an A .n ig e r  troC gene d is rup ted  by in s e r t io n  
o f  a lacZ gene, and an in te g ra t iv e  plasmid ca rry ing  pyrA*  (Goosen e t 
a l ,  1989). Here 0.15% o f  PYR+ co lon ies were LAC+TRP~ and 0.016% were 
LAC+TRP+ . Further s tud ies showed th a t  the pyrA plasmid had in te g ra te d  
a t  a d i f f e r e n t  chromosom al s i t e  t o  th e  t r p C  lo c u s .  H ow eve r, 
in v e s t ig a t io n  o f  whether unexpressed 1 acZ+ trpC ~  sequences had 
in teg ra ted  a t the same s i t e  as pyrA sequences were not reported.
Cotransformation w ith  in te g ra t in g  cccDNA has been used to  lo c a l is e  
genes to  given r e s t r i c t io n  fragments o f  long s tre tches  o f  cloned DNA 
in  A. n id u la n s  (T im berlake  e t  a l . 1985) and U .mavdis (Wang e t  a l ,  
1989). Maximum frequencies o f  co transform ation  seen were 10% and 28% 
re sp e c t ive ly .  Whether the two DNA species had in tegra ted  a t the same 
s i t e  was not examined in  e i t h e r  case . These c o t r a n s fo r m a t io n  
frequencies are higher than those in  the yeast and A .n iger experiments 
described, and may r e f le c t  the fa c t  th a t  the A.n idulans and U.mavdis 
cotransformat'ions have resu lted  from non-homologous recombination o f  
l in e a r  and plasmid DNA p r io r  to  in te g ra t io n .  I f  t h is  was the case one 
would p re d ic t  a) in te g ra t io n  o f  both DNAs a t the same s i t e  in  the 
chromosome and b) a much lower frequency o f  trans fo rm ation  w ith  the 
l in e a r  DNA alone than th a t  found in  co transform ations.
In v e s t ig a t io n  o f  whether t ra n s fo rm in g  non-homologous l i n e a r  and 
autonomous plasmid DNA re s u lts  in  . recombination to  form co in teg ra tes  
in  any organism have not been reported. Nor have s tud ies  in v o lv in g  
cotransform ation o f  homologous l in e a r  DNA w ith  cccDNA, in te g ra t iv e  or 
autonomously re p l ic a t in g .
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Table 6.1 Frequency o f  tran s fo rm a tion  o f  A sp e rg i l lu s  to  TRP+ w ith  
l in e a r  and c i r c u la r  DNAs
Approximately equimolar amounts o f  se lected and unselected DNAs were 
added to  each double trans fo rm a tion .
Number o f  trans fo rm ants /10° p ro to p las ts  
w ith  trans fo rm ing  plasmids ind ica ted
ARp1/ AR p1/linear l in e a r  pHELP1/linear
S tra in  pTA11 trpC+ pTA11 trpC+ trpC+
DHG019 100 400 20 - -
«i - 2,200 60 - -
DHG135 300 780 0 0 -
•• 200 10 2.4 0 -
•• 10,000 3,000 - 0 3,000
Average 2,650 1,280 21 0 3,000
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Results
6.1.1 Cotransformation o f  l in e a r  DNA w ith  ARp1 and pHELPI
R e s t r ic t io n  o f  plasmid pTA11 w ith  M o l  re leases a 4.4-kb DNA fragment 
c o n ta in in g  the  gene t rp C * (F ig .  4 . 3 ) .  T h is  l i n e a r  DNA was ge l 
p u r i f ie d ,  and used, w ith  approximately equimolar amounts o f  ARp1, or 
pHELPI to  transform  A .n idu lans s t ra in  DHG019, o r  DHG135 (both trpC~) , 
to  TRP+ .
ARp1 and t r p C  l i n e a r  DNA gave an a v e ra g e  o f  1 ,2 8 0  TRP+
e
transformants per 10 p ro to p la s ts  over f i v e  trans fo rm a tions ; in  one 
trans fo rm ation  w ith  pHELPI and trpC+ l in e a r  DNA 3,000 transformants
fiper 10 p ro top la s ts  were seen. By comparison trans fo rm ations  w ith  
pTA11 gave on average 21 TRP+ transform ants per 106 p ro to p la s ts  ( th ree  
tra n s fo rm a tions ) , and trpC * l in e a r  DNA gave no transformants a t a l l  
( th ree  tra n s fo rm a t io n s ) . Four trans fo rm ations  w ith  ARp1 and pTA11 gave 
on average 2,650 TRP+ transformants per 106 p ro to p la s ts .
These r e s u l t s  show t h a t  a d d i t i o n  o f  ARp1 o r  pHELPI t o  
transfo rm ations w ith  troC+ l in e a r  DNA re s u lts  in  a t lea s t a 1 ,000 -fo ld  
in c r e a s e  in  t r a n s f o r m a t i o n  f r e q u e n c y .  A d d i t i o n  o f  ARp1 t o  
transfo rm ations w ith  pTA11 also re s u lts  in  an approximately 180-fo ld  
increase in trans fo rm ation  e f f ic ie n c y .  These re s u lts  are summarised in 
Table 6.1.
6.1.2 Ana lys is  o f  TRP+ transformants
Three TRP+ tra n s fo rm a n ts  o f  A .n id u la n s  s t r a i n  DHG135 ( b iA 1 : a rg B 2 
methH2, trbC801) w ith  ARp1 and trpC+ l in e a r  DNA were examined. Conidia 
were p la ted on MM p lu s .b io t in ,  methionine and a rg in ine  and the progeny 
used to  stab inocu la te  one 24 colony a rray  master p la te  f o r  each o f  
the o r ig in a l  transform ants, on the same medium. These master p la tes  
were then tested fo r  ARG+ . In two cases 100% o f  progeny were ARG+ , and 
in the t h i r d  case 96%, suggesting a l l  th ree  progeny were cotransformed 
w ith  ARp1. I t  a lso  suggested th a t  i f  the TRP+ phenotype were unstable 
se le c t io n  fo r  TRP+ was re s u l t in g  in  cose lec tion  fo r  ARG+ -  i . e .  the 
two genes were l inked .
C on id ia  from e ig h t  TRP+ t ra n s fo rm a n ts  o f  s t r a i n  DHG019 ( a rg B 2 
methH2 :br1A42 trpC 801) w ith  ARp1 and trpC * l in e a r  DNA were p la ted  on 
n o n -s e le c t iv e  medium (CM p lus  a r g in in e  and t r y p to p h a n )  and th e  
re s u lta n t  co lonies used to  s ta b - in o cu la te  one 24 colony a rray  master
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ib le  6 .2 Comparison o f  p a t te rn s  o f  i n s t a b i l i t y  o f  ARG+ and TRP+ 
lenotypes o f  e ig h t ARG+TRP+ transform ants  each w ith  e i th e r  ARp1 and 
•pC+ l in e a r  DNA, o r  ARp1 and pTA11.
Asexual progeny o f  
Transformants w ith  ARp1 and trpC+ l in e a r  DNA
%ARG+TRP+ %ARG+TRP~ %ARG“ TRP+ %ARG"TRP“
83 0 16 0
56 0 0 44
75 0 0 25
36 0 0 64
86 0 14 0
21 0 0 79
100 0 0 0
80 0 0 20
Asexual progeny o f
transform ation  w ith  ARp1 and pTA11
100 0 0 0
32 0 0 68
5 10 0 84
17 0 0 82
100 0 0 0
18 6 12 65
31 0 5 63
87 4 0 9
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p la te  f o r  each transform ant. The phenotypes w ith  respect to  ARG+ and 
TRP+ were then tes ted . Fu ll  re s u lts  are shown in  Table 6 .2 , w ith  the 
pa tte rns  o f  i n s t a b i l i t y  o f  ARG+TRP+ pTA11/ARp1 transformants shown fo r  
comparison. In 5/8 cases 18-79% o f  progeny were ARG“ TRP“ , 21-82% were 
ARG+TRP+ and none were ARG+TRP~ o r ARG~TRP+ . The degree o f  i n s t a b i l i t y  
o f  th e  ARG+TRP+ genotype is  s i m i l a r  t o  t h a t  seen in  ARG+TRP+ 
tra n s fo rm a n ts  us ing ARp1 and pTA11 ( c h a p te r  4, s e c t io n  4 . 4 . 2 ) .  
However, in  these ARp1/trpC+ l in e a r  DNA transformants no ARG+TRP-  o r  
ARG~TRP+ co lon ies  were seen. This conforms w ith  the view th a t  in  t h i s  
case autonomously re p l ic a t in g  co in teg ra tes  ca rry ing  both argB+ and 
trpC+ genes are being formed by non-homologous recombination o f  the 
two DNAs; such a c o in te g ra te  would be in c a p a b le  o f  r e s o lv in g  and 
g iv in g  r is e  to  ARG+TRP”  and ARG“ TRP+ progeny. Thus, the two genes 
behave as 100% linked .
In the case o f  3/8 transform ants no ARG“ TRP_ progeny were seen. In 
one o f  these 100% o f progeny were ARG+TRP+ . In  the o ther two 16% and 
14% o f  progeny were ARG” TRP+ , and the res t were ARG+TRP+ . The most 
plausable explanation f o r  t h i s  re s u l t  is  th a t  in te g ra t io n  o f  the 
c o in te g ra te  occu rred , and th a t  in  some cases th e  argB+ gene i s  
d is rup ted  in the process.
These re su lts  suggest a high degree o f  homogeneity in  the plasmid 
popu la tion  in the transformants -  i . e .  on ly  ARp1/trpC*  l in e a r  DNA 
c o in te g ra te s  are p resen t, and no ARp1 a lo n e  -  s in c e  no ARG+TRP 
progeny were seen.
6 . 1 . 3  P la s m id  re s c u e  f ro m  p H E L P I / t r p C + l i n e a r  DNA 
cotransformants
DNA was prepared from two TRP+ transformants o f  A .n idu lans s t r a in  
DHG135, designated XH3 and XH5, grown under cond it ions  s e le c t in g  f o r  
the maintenance o f the argB* trpC + co in teg ra te . These DNAs were used to
D
transform  competent c e l ls  o f  E .co l i  s t r a in  DH5, se le c t in g  f o r  AMP . 
Two AMPR co lon ies were obtained using DNAs o f  s t ra in  XH3 and one from 
XH5. The plasmids contained in  the AMPR transformants were designated 
pXH3.1, pXH3.2, and pXH5.
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Figure 6.1. R e s t r ic t io n  ana lys is  o f  plasmid co in teg ra te  pXH3.1
Only s i g n i f i c a n t  d ig e s ts  are l a b e l l e d ;  lambda Hi nd l l l / EcoRI s i z e  
standards are given in kb.
Single and double d igests are as fo l lows :
Gel A: Lane 1) pTA11, H in d l l l ,  2) pHELPI, H in d i I I ,  3) pXH3.1, H i n d l l l ,  
4) pTA11, EcoRI, 5) pHELPI, EcoRI, 6) pXH3.1, EcoRI, 7) pTA11, B g l l l ,  
8) pHELPI, B g l l l ,  9) pXH3.1, B g l l l ,  10) pTA11, Ps t I ,  11) pHELPI, P s t I ,  
12) pXH3.1, Ps t I .
Gel B: Lane 1) pTA11, Xhql, 2) pHELPI, Xhql, 3) pXH3.1, M o l ,  4)
pT A11, S a i l ,  5) pXH3.1, S a i l ,  6) pTA11, CJal , 7) pTA11, C la l ,  8)
pXH3.1, CJal, 8) pTA11, EcoRI/BamHI, 9) pXH3.1, EcoRI/BamHI.
Gel C: Lane 1) pTA11, BamHI, 2) pHELPI, BamHI, 3) pXH3.1, BamHI, 4)
pHELPI, S a i l ,  5) pXH3.1, S a i l ,  6) pHELPI, C la l ,  7) pXH3.1, C la l .
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Table 6.3 Sizes o f  DNA fragments re s u lt in g  from r e s t r ic t io n  o f  plasmid
pXH3.1 w ith  va rious enzymes
Fragment Sum o f  fragment
Enzyme(s) s izes  (kb) s izes (kb)
C la l 5.9, 4.8, 1.0 11.7
BamHI 8 . 0 , 3.5 11.5
S a i l 5.4 , 2 . 8 , 2 .3 , 0.4, 0.37 11.27
Xhol 6 . 0 , 4.1, 0.7 10.8
PstI 7.4, 2 . 6 , 1.5 11.5
B g l l l 6. 8 , 3 .3, 1.4 11.5
H in d l l l 4.1, 3.9, 2.7 , 0.7 , 0.2 11.6
EcoRI 3.2, 2.7, 2 . 6 , 1.4, 1.4, 0.3 11.6
EcoRI/BamHI 2.7, 2 . 0 , 1. 8 , 1.4, 1.4, 0 .8 , 0.3 11.6
Average: 11.3
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6 .1 .4 . S tru c tu re  o f  pHELP1/trp C + co in te g ra te s
Plasmid DNAs o f  pXH3.1, pXH3.2 and pXH5 were prepared and subjected 
to  r e s t r i c t io n  an a lys is .
F i r s t l y ,  pXH3.1 was examined. Fig. 6.1 shows e lec trop ho res is  ge ls o f  
d ig e s ts ,  and Table 6.3 summarises th e  r e s t r i c t i o n  f ra g m e n t s iz e s  
measured from these ge ls . The i n i t i a l  assumption was made th a t  pXH3.1 
was the  product o f  recombination o f  the 4 .4 -kb  Xhol  fragment c a rry in g  
trp C * .  and pHELPI. D iges ts  were c a r r i e d  o u t  w i t h  each enzyme o f
pXH3. 1 ,  pTA11 and pHELPI in  o r d e r  t o  i d e n t i f y  th e  p o i n t s  o f
recombination between the two DNAs.
With respect t o  pHELPI, pXH3.1 contained the 2 .9-kb Hind l l l  fragment 
corresponding to  the pIC20-R component (F ig . 6 .2 ) ,  and the 2 .5-kb PstI  
fragment corresponding to  the r ig h t  hand repeat o f  AMA1 as shown (F ig . 
6 .1, gel A; Fig. 6 .2 ) .  The 1.0-kb Clal  fragment o f  the l e f t  hand arm 
o f  AMA1 is  also present (F ig . 6 . 1, gel C). However, gel B shows th a t
both the 2.0-kb and 0 .4-kb Xhol  fragments o f  pHELPI are absent from
pXH3.1. This suggests th a t  recombination has occurred in  the region o f 
the l e f t  hand Xhol  s i t e  as shown, and th a t  d e le t io n  o f  p a r t  o f  AMA1 
may have occurred. The average s ize  ca lcu la te d  f o r  pXH3.1 is  11.3 kb, 
0.8 kb less than the sum o f  the s izes o f  pHELPI (7 .9 kb) and the 4 .4 -  
kb Xhol  fragment ca rry in g  trpC+. Thus a d e le t io n  must have occurred.
With respect to  the 4 .4-kb Xhol fragment, the 2 .5-kb EcoRI and 1 .5 - 
kb B g l l l  fragments are present in  pXH3.1 (F ig . 6 .1 , gel A). The 0 .8 -kb  
EcoRI/BamHI fragment is  a lso present (F ig . 6 . 1, gel B). Thus, i t  seems 
l i k e l y  th a t  recombination has occurred between the two DNAs in  the 
l e f t  hand arm o f  AMA1 as shown and the d is t a l  most regions o f  the  4 .4 -  
kb Xhol fragment. The presence o f  the 1 .6—kb P stI fragment in  pXH3.1 
ind ica tes  the o r ie n ta t io n  o f  the trpC+ gene DNA fragment and a llow s a 
model to  be constructed (F ig . 6 .2 ) .  The presence o f  a 0 .3 -kb  EcoRI 
fragment in  pXH3.1 suggests th a t  recombination between the reg ion o f  
the l e f t  hand end o f  the trpC gene DNA as shown and AMA1 has re su lted  
in  the d e le t io n  o f  0 . 8-kb in t h is  region.
R e s t r ic t io n  ana lys is  o f  pXH3.2 was then ca r r ie d  out. The r e s t r i c t i o n  
pa tte rns produced by pXH3.2 and pXH3.1 w ith  a number o f  enzymes was 
compared (F ig .  6 .3 , gel A ). I t  can be seen t h a t  whereas th e  
r e s t r i c t i o n  p a t t e r n s  o f  th e  tw o  p la s m id s  w i t h  EcoRI a re  
in d is t in g u is h a b le ,  w ith  o ther enzymes they show some d if fe re n c e s .  
Fragment s izes  c a lc u la te d  from th e  g e ls  shown in  F ig .  6 .3  a re
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Figure 6.3. R e s t r ic t io n  ana lys is  o f  plasmid co in teg ra te  pXH3.2
Only s i g n i f i c a n t  d ig e s ts  are l a b e l l e d ;  lambda H in d i1 1 /E c o R I  s i z e  
standards are given in kb.
Single and double d igests  are as fo l lows :
Gel A: Lane 1) pXH3.1, S a i l ,  2) pXH3.2, Sail, 3) pXH3.1, EcoRI, 4) 
pXH3.2, EcoRI, 5) pXH3.1, BamHI, 6) pXH3.2, BamHI, 7) pXH3.1, P s t I ,  
8) pXH3.2, Ps t I ,  9) pXH3.1, B g l l l ,  10) pXH3.2, B g l l l .
Gel B: Lane 1, pXH3.1, Xhol, 2) pXH3.2, Xhol.
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Table 6.4 Sizes o f  DNA fragments re s u lt in g  from r e s t r ic t io n  o f  plasmid
pXH3.2 w ith  va rious enzymes.
Enzyme
Fragment 
s izes (kb)
Sum o f  fragment 
s izes  (kb)
S a i l 4.8, 2.8, 2 .6 , 0.48, 0.42 11.1
P stI 6.3, 4 .4 , 1.5 12.2
B g l l l 6.3, 3.7, 1.4 11.4
EcoRI 3.0, 2.5, 2 .3 , 1.5, 1.5, 0.37 11.17
BamHI 6 . 0 , 4.7 10.7
Average: 11.3
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Figure 6.4. R e s t r ic t io n  analys is  o f  plasmid co in tegra te  pXH5
Only s i g n i f i c a n t  d ig e s ts  are l a b e l l e d ;  lambda H in d l l l / EcoRI s i z e  
standards are given in kb.
Single and double d igests are as fo l low s :
Lane 1) pXH3.1, EcoRI, 2) pXH3.2, EcoRI, 3) pXH5, EcoRI, 4) pXH3.1, 
Ps t I ,  5) pXH3.2, Ps t I ,  6) pXH5, Ps t I ,  7) pXH3.1, Xhol, 8) pXH3.2, 
Xhol, 9) pXH5, Xhol, 10) pXH3.1, S a i l ,  11) pXH3.2, S a i l ,  12) pXH5, 
S a i l ,  13) pXH3.1, BamHI 14) pXH3.2, BamHI, 15) pXH5, BamHI.
fa c ing  page 106
disp layed in  Table 6.4. The in te rp re ta t io n  o f  t h i s  data is  th a t  the 
s t ru c tu re  o f  pXH3.2 is  id e n t ic a l  to  th a t  o f  pXH3.1, except th a t  the 
trpC+ sequence is  in  the r ig h t  arm o f  the AMA1 inve rted  repeat instead 
o f  the l e f t .  One possib le  exp lanation  f o r  the presence o f  the two 
isom e r ic  forms o f  pHELP1-trpC  l i n e a r  DNA c o in t e g r a te s  i s  t h a t  in  
A .n id u la n s  recom binat ion  between in v e r t e d  re p e a ts  has o c c u r re d  
re s u lt in g  in  an reversal o f  o r ie n ta t io n ,  o r  f l i p p in g ,  o f  the trpC+ 
in s e r t  and AMA1 cen tra l region r e la t iv e  to  the b a c te r ia l  sequence. 
That t h i s  is  indeed the case is  confirmed by Gel B (F ig . 6 .3) which 
shows d iges ts  o f  pXH3.1 and pXH3.2 w ith  Xhol. I f  trpC+ l in e a r  DNA had 
in teg ra ted  a t a very s im i la r  p o s it io n  in  the r ig h t  hand arm o f  AMA1 in  
pXH3.2 to  th a t  in  the l e f t  arm in pXH3.1, then i t  would be expected 
th a t  the 0 . 7-kb Xhol fragment which spans and runs r ig h t  from the 
centre o f  AMA1 as shown (F ig . 6 .5) would be d is rup ted . This is  not the 
case, i . e .  the 0.7-kb Xhol  fragment is  present, but now runs from the 
centre t o  the l e f t  o f centre in  AMA1 (F ig .  6 .5 ) .  Thus f l ip p in g  o f  the 
cen tra l region, mediated by homologous recombination between the AMA1 
inverted  repeats, has occurred.
R e s t r ic t io n  a n a lys is  o f  pXH5 was then ca rr ie d  out. Results o f  one 
se t o f  d iges ts  o f  pXH3.1, pXH3.2 and pXH5 are shown in  Fig. 6 .4 . The 
r e s t r i c t io n  pa tte rn  w ith  EcoRI o f  pXH5 shows a s ing le  d if fe re n c e  from 
those o f  pXH3.1 and pXH3.2. Whereas the s ize  o f  the EcoRI fragment 
covering the l e f t  hand ju n c t io n  between the two parent DNAs (as shown 
in Fig. 6.2) is  0.3 kb, in the former plasmid i t  is  0.84 kb. This 
suggests th a t  in  t h is  case on ly  about a 0.26-kb d e le t io n  o f  the l e f t  
hand arm o f  AMA1 (as shown) has o c c u r re d ;  o th e rw is e  a s i m i l a r  
recombination event has taken place, as the BamHI d iges t shows, in  the 
l e f t  arm o f  AMA1. This is  confirmed by the S a il  and Xhol r e s t r i c t i o n  
pa tte rns , where the cen tra l 0 .4 -kb S a i l  and r ig h t  o f  centre 0 .7-kb 
Xhol  fragments are both present. R e s t r ic t io n  maps o f  pXH3.1, pXH3.2 
and pXH5 are shown in Fig. 6.5.
In  o rd e r  to  co n f irm  th a t  these c o in t e g r a t e s  do indeed c a r r y  
fu n c t io n a l copies o f  the trpC+ gene, pXH3.2 and pXH5 were transformed 
in to  A.n idulans s t ra in  DHG135, s e le c t in g  fo r  TRP+ . The two plasmids
figave 16,000 and 4,600 transformants re s p e c t iv e ly  per 10 p ro to p la s ts ,
fiwhereas pTA11 alone gave fo u r  transformants per 10° p ro top la s ts .
The s tru c tu re  o f  the pHELPI/trpC co in teg ra tes  s tro n g ly  suggest th a t  
the 4.4-kb Xhol fragment was not l ig a te d  in v ivo  to  form cccDNA p r io r  
to  recombination w ith  pHELPI. Rather, i t  appears th a t  recombination
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between the two ends o f  the l in e a r  DNA and two s i te s  close toge the r in  
AMA1 occurred. This resu lted  in  a small d e le t io n  o f  the AMA1 sequence. 
The in te g ra t io n  o f  the ends o f  the 4 .4 -kb  fragments a t s im i la r  s i te s  
in  the th ree  cases examined may be in te rp re te d  e i th e r  as s ig n i fy in g  
th a t  some l im i te d  degree o f  sequence homology e x is ts  between them, 
and th a t  region o f  AMA1. A l te rn a t iv e ly ,  i t  may be th a t  the re  is  a 
recom bina tion  h o t -s p o t  in  the  c e n t r a l  re g io n  o f  AMA1 ca p ab le  o f  
s t im u la t in g  both homologous recombination (e .g . f l i p p in g )  and non- 
homologous recombination ( in te g ra t io n  o f  trpC sequences). In  chapter 
4 i t  was shown th a t  sequences f la n k in g  the argB gene recombined w ith  a 
p o in t  in  the same region in co transform ations w ith  pILJ16 and pHELP2 
which conforms w ith  the recombination ho t-spo t model.
An im p l ic a t io n  o f  the occurrence o f  high frequency co transform ation
o f  autonomously re p l ic a t in g  plasmids w ith  non-homologous l in e a r  DNA 
is  th a t  gene c lo n in g  should be p o s s ib le  w i t h o u t  th e  n e c e s s i t y  o f  
con s tru c t ing  a gene l ib r a r y  in  a plasmid vec to r  -  a procedure th a t  can 
prove laborious and time-consuming. L inear DNA fragments o f  an optimal 
average s ize , say 5 kb, could be prepared by so n ica t ion , o r by p a r t ia l  
d ig e s t ion  w ith  a r e s t r i c t io n  enzyme which cuts fre q u e n t ly  along the 
DNA, such as SauI I I a .  This DNA could then be used w ith  a he lper 
plasmid, such as pHELPI, to  cotransform Aspergi H u s , s e le c t in g  f o r  
complementation o f  the  gene to  be c lo n e d .  In  th e  p r o t o p la s t s  
recombination between pHELPI and the l in e a r  DNA fragments would occur, 
in  e f f e c t  c re a t in g  an in s ta n t  gene bank in  v i v o .  Any f ra g m e n ts  
ca rry ing  the e n t i re  complementing gene which d id  recombine w ith  pHELPI 
would then be able to  re p l ic a te ,  and be maintained as pa r t o f  a f r e e ly  
re p l ic a t in g  co in teg ra te . This plasmid could then e a s i ly  be re is o la te d  
in to  E .c o l i  by trans fo rm ation  w ith  uncut whole transform ant DNA.
Such an " in s ta n t  gene bank" technique could prove useful in  c lon ing  
genes from other species o f Asperg i1lus o r re la ted  species where gene 
l ib r a r ie s  have not been constructed, o r  f o r  c lon ing  dominant mutant 
a l le le s  such as fung ic ide  res is tance genes.
The l i t e r a t u r e  gives no in d ic a t io n  th a t  an approach such as t h i s  has
been t r i e d  in  o th e r  organisms such as S. c e r e v i s i a e , S . pombe, o r  
cu ltu red  mammalian c e l ls .
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Table 6.5. S t a b i l i t y  o f  seven ARG+ co lon ies  produced by trans fo rm ation  
o f  A sp e rg i l lu s  w ith  an in s ta n t  gene bank.
S tra in  Sample s ize  % ARG+
IGB1 97 99
IGB2 26 38
IGB3 37 100
IGB4 23 4
IGB5 16 13
IGB6 34 35
IGB7 28 7
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6.2.1 Transform ation o f  A s p e rg illu s  w ith  an in s ta n t gene bank
Chromosomal DNA was prepared from A. n id u la n s  s t r a i n  G089 ( fp a B 37 
r ib o A l b iA 1), and 100 ug was d ig e s te d  to  c o m p le t io n  w i t h  EcoR I. 
R e s t r ic t io n  w ith  EcoRI generates an approximately 9-kb DNA fragment 
which c a r r ie s  the e n t i re  argB gene. The re s t r ic te d  DNA was ex trac ted  
against phenol, and then th ree  times aga ins t ch loro form , then ethanol 
p re c ip i ta te d  and red isso lved in  TE. This DNA was then used, toge the r 
w ith  pHELPI, to  transform A.n idu lans s t r a in  G34 (yA2;argB2 methH2) 
s e le c t in g  fo r  ARG+. E ight trans fo rm ations  were ca rr ie d  ou t,  in  each 
us ing 2 ug o f  r e s t r i c t e d  DNA and 1ug pHELPI to  t r a n s fo r m  3x106 
p ro to p la s ts .  Seven ARG+ co lon ies  were obta ined. In a negative co n tro l 
trans fo rm ation  w ith  pHELPI alone, no transform ants were seen. In a 
p o s i t iv e  c o n t ro l  t ra n s fo rm a t io n  w i t h  pHELPI and p IL J 1 6 ,  20 ,000
fitransformants per 10 p ro top las ts  were obta ined.
As described, a to ta l  o f  16ug o f  EcoRI re s t r ic te d  DNA was used over 
the e ig h t  trans fo rm ations . Given th a t  the argB+ gene is  on a 9-kb DNA 
fragm ent, and th a t  the  A .n id u la n s  genome s iz e  i s  31,000 kb, 16ug 
(16,000ng) o f  the EcoRI digested chromosomal DNA conta ins 16,000 x 
9/31,000 = approximately 5ng o f  the 9-kb argB+ DNA fragment. Since the 
use o f  500ng o f  trpC+ l in e a r  DNA in  a trans fo rm ation  w ith  pHELPI 
gives about 3,000 TRP+ transform ants, one might p re d ic t  th a t  using 5ng 
o f  trpC *  l in e a r  DNA one might ob ta in  about 30 TRP+ co lon ies . This is  
c lo s e  t o  th e  number o f  seven ARG+ c o l o n i e s  o b t a i n e d  i n  t h i s  
experiment.
6.2.2 C harac te r isa t ion  o f  ARG+ transform ants
The seven ARG+ tra n s fo rm a n ts ,  d e s ig n a te d  IGB1-7,  showed s l i g h t l y  
i r r e g u la r ,  he te rokaryon like  colony morphologies, in d ic a t in g  unstab le  
trans fo rm a tion . A l l  seven co lon ies grew when stab inocu lated onto MM 
plus methionine, whereas none grew on MM alone, suggesting th a t  they 
were not contaminants. However, on MM plus methionine i t  was observed 
th a t  w h i l e  IGB1 and IGB3 grew w e l l ,  t h e  o t h e r  t r a n s fo r m a n ts  grew 
weakly. A l l  were
Conidi a were harvested and p la ted on CM. I t  was found th a t  in  the 
cases o f  IGB1 and IGB3, 99% and 100% re sp e c t ive ly  o f  progeny were 
ARG+ , in d ic a t in g  th a t  these co lon ies were s ta b ly  transformed. Tne 
remaining transformants showed 4%-38% ARG+ progeny, in d ic a t in g  th a t  
these were unstably transformed. Fu ll re s u lts  are shown in  Table 6.5
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F i g u r e  6 . 6  S o u t h e r n  b l o t  a n a l y s i s  o f  s i x  ARG+ 
transformants w ith  an ins ta n t gene bank
Uncut transformant DNA was probed w ith  a rad io labe l led  1 
fragment conta in ing argB gene sequences.
Lane 1) Untransformed A.nidulans s t r a in  089, 2) IGB1, 
IGB3, 5) IGB4, 6) IGB6, 7) IGB7, 8) ARp1 prepared from E. 
c, chromosomal DNA band.
A s p e r g i 11 us
. 0-kb H in d i I I
3) IGB2, 4) 
col i .
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F i g u r e  6 .7  S o u th e rn  b l o t  a n a l y s i s  o f  s i x  ARG+ A s p e r g i 11 us 
transformants w ith  an in s ta n t  gene bank
The Southern b lo t  probed in Figure 6.6 was str ipped and reprobed w i th  
rad io labe l led  pIC20-R.
Lane 1) Untransformed A.n idulans s t r a in  089, 2) IGB1, 3) IGB1, 4) 
IGB3, 5) IGB4, 6) IGB6, 7) IGB7, 8) ARp1 prepared from E . c o l i . 
c, chromosomal DNA band.
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Figure 6.8. Agarose gel e lec trophores is  o f  sonicated DNA o f  A .n idu lans 
s t r a in  089
Lambda EcoR I /H ind l l l  s ize standards are given in kb.
Lane 1) DNA p r i o r  to  sonicat ion, 2) sonicated DNA (output con tro l  4, 
1 second), 3) sonicated DNA (output contro l  6, 5 seconds).
The sonicated DNA shown in lane 3 was used to  make an ins tan t  gene 
bank to  clone t r p B .
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6.3 .3  Southern a n a lys is  o f  IGB s t ra in  DNAs
Chromosomal DNA was prepared from ARG+ transform ants IGB1, 2, 3, 4, 6 
and 7, grown under co n d it ion s  s e le c t in g  fo r  ARG+. Approximately 5ug 
o f  each DNA was then run on a 0.8% agarose ge l, and subjected to  
Southern b lo t  a n a lys is . The nylon membrane was probed f i r s t  w ith  a 
ra d io la b e l le d  1.0-kb H in d l l l  DNA fragment con ta in ing  argB sequences; 
the membrane was then s tr ip p ed  and reprobed w ith  ra d io lab e l le d  pIC20- 
R. Results are shown in  Figs. 6.6 and 6 .7 . Where the f i l t e r  was probed 
w ith  argB sequences (F ig . 6 . 6) i t  can be seen that_IGB2, 3, 4, 6 and 7 
a l l  con ta in  a s im i la r  sized plasmid which is  s l i g h t l y  la rg e r  than the 
ARp1 monomer run a longside -  perhaps 13 -  15—kb. This plasmid va r ie s  
g r e a t ly  in  abundance, and in  IGB4 and 7 i s  o n ly  v i s i b l e  in  th e  
overexposed autoradiograph. IGB7 appears a lso  to  conta in  a la rg e r  
plasmid which is  not present in  the o the r transform ants, and which 
runs s l i g h t l y  behind the chromosomal DNA. The re su lts  o f  probing the 
f i l t e r  w ith  ra d io la b e l le d  pIC20-R show h y b r id is a t io n  to  chromosomal 
DNA in  the case o f  IGB4, suggesting th a t  plasmid in te g ra t io n  had taken 
place. The lack o f  h y b r id is a t io n  to  any DNA o f  IGB1 combined w ith  the 
100% s t a b i l i t y  o f  the  ARG+ phenotype o f  t h i s  t r a n s fo rm a n t  s t r a i n  
suggests e i th e r  th a t  gene conversion o f  the argB2 a l le le  to  argB+ has 
occurred, or th a t  in te g ra t io n  o f  the l in e a r  DNA ca rry ing  the argB+ 
gene taken place.
The p re d ic te d  s iz e  o f  a c o in te g r a te  form ed by non homologous 
recombination between a 9.4-kb EcoRI fragment and pHELPI ( 7 .9-kb) 
would be 16.9 kb. Southern a n a ly s is  su g g e s ts  t h a t  in  th e  f i v e  
transformants which conta in  them, id e n t ic a l  plasmids o f  around 14 kb 
in  s ize  are seen. This suggests th a t ,  as in  the case o f  recombination 
between trpC + l in e a r  DNA and pHELPI a co n s is ten t d e le t io n  event may be 
occu rr ing .
6.3.1 Transformation o f  an A .n idu lans t rp B 403 s t r a in  w ith  
an in s ta n t  gene bank
Chromosomal DNA p re p a re d  f ro m  A . n i d u 1ans s t r a i n  G089
( fpaB37r ib o A 1b iA 1) was so n ica te d  t o  a mean DNA fra g m e n t s iz e  o f  
approximately 5 kb. Sonication was c a r r ie d  out in a volume o f  1ml
using a DNA concentra tion  o f  200ng/ul in  TE, and a Dawes Soniprobe 
7632B son ica to r w ith  a m ic ro t ip .  This was set a t  output con tro l 6 , and
son ica tion  time was 5 seconds. Mean fragment s ize  was ascerta ined by
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Figure 6.9. Southern b lo t  analys is  o f  trpB+ transform ant IGBT
Uncut transformant DNA was probed with  rad io labe l led  pIC20-R.
Lane 1) Untransformed A.nidulans s t ra in  089, 2),  3) IGBT, 4) ARp1 
prepared from E . c o l i .
m, ARp1 monomer (11.5 kb); d, ARp1 dimer (23 kb).
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agarose gel e lec tropho res is  (F ig . 6 . 8 ) .  This DNA was then extrac ted  
once against one volume o f  phenol, once aga inst one volume o f  50 : 50 
phenol ch loroform , and then th ree  times aga ins t ch loro form , before 
being ethanol p re c ip i ta te d  and resuspended in  TE a t a concentra tion  
o f  0 .5 u g /u l .
A .n idu lans s t ra in  G196 ( t rp B 403 pabaAl yA2) was then transformed 
w i th  th e  son ica ted  DNA and pHELPI w i t h  s e le c t io n  f o r  TRP+ . 16 
t r a n s f o r m a t i o n s  were c a r r i e d  o u t ,  u s in g  in  each case 1x 107 
p ro to p la s ts ,  3ug o f  sonicated DNA and 3ug o f  pHELPI. One TRP+ colony 
was obtained.
6 .3 .2  C harac te r isa t ion  o f  TRP+ transform ant
The transform ant, designated IGBT, had an uneven, he te roka ryon like  
colony morphology, c h a ra c te r is t ic  o f  unstable transform ants w ith  AMA1 
plasmids. I t  grew when s tab - ino cu la ted  onto MM plus PABA, but not on 
MM, and was yA2“ , suggesting th a t  i t  was not a contaminant.
Conidia harvested from the TRP+ transform ant colony were p la ted  on 
CM plus tryptophan, and progeny used to  stab inocu la te  master p la tes ,  
also on CM plus tryptophan. The phenotypes o f  the master p la tes  were 
then examined, and 26% were found to  be TRP+ (sample s ize : 243). Thus 
the  t ra n s fo rm in g  t rp B *  gene is  u n s ta b le ,  w h ich  g iv e n  th e  r e s u l t s  
described in previous sections o f  t h i s  th e s is ,  suggests th a t  i t  may 
be present in transformants as pa rt o f  an autonomously r e p l ic a t in g  
plasmid, ra the r than in tegra ted  in to  the chromosome.
6 .3 .3  Southern ana lys is  o f  IGBT DNA
DNA was prepared from s t r a in  IGBT grown under s e le c t iv e  con d it ion s  (MM 
plus PABA). This was run uncut on a 0.8% “agarose g e l , w ith  ARp1 and 
DNA from an untransformed s t ra in  o f  A .n idu lans f o r  comparison, and 
Southern b lo t  ana lys is  was ca rr ie d  ou t, using ra d io la b e l le d  pIC20-R as 
a probe. Results are shown in  Fig. 6.9. In the two tra cks  con ta in ing  
IGBT DNA the pIC20-R probe h y b r id is e s  w i t h  a v e ry  h ig h  ru n n in g  
p lasm id , la rg e r  than the  ARp1 d im er (23 k b ) .  No h y b r i d i s a t i o n  to  
chromosomal DNA o f  IGBT is  seen, in d ic a t in g  th a t  no pIC20-R sequences 
have in tegra ted  in to  the chromosome. No h y b r id is a t io n  to  the DNA from 
the untransformed s t ra in  is  seen e i th e r .
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Figure 6.10. Gel e lec t rophores is  o f  plasmids rescued from IGBT
Gels A and B: sizes o f  ARp1 and pILJ 16 monomeric and d imer ic  cccDNA 
given in kb; gels C and D: lambda H ind l l l /EcoR I  size  standards are
given in kb.
Gels A and B: Lane 1) ARp1, 2) p ILJ16, 3 ) -25 ) plasmids prepared from 
24 d i f f e r e n t  ampR E .co l i  co lonies produced by t rans fo rmat ion  with  
uncut IGBT DNA.
Gels C and D: Lanes 1-23) The same 23 rescued mixtures o f  plasmids 
r e s t r i c te d  w ith  BamH I .
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6 .3 .4  Plasmid rescue from  s t ra in  IGBT
Uncut DNA from s t ra in  IGBT. was used to  transform  competent c e l l s  o f  
E .c o l i  s t ra in  DH5, s e le c t in g  f o r  AMPR. 24 AMPR co lon ies were obta ined. 
DNA minipreps were ca r r ie d  out using the  STET method, and DNAs were 
electrophoresed on agarose gels in ta c t ,  and re s t r ic te d  w ith  BamHI, 
which cu ts  once in  pHELPI. The r e s u l t s ,  shown in  F ig .  6 .1 0 ,  a re  
complex, but suggest th a t  many co lon ies conta in  as many as th ree  
d i f f e r e n t  p lasm ids. The uncut DNA shows t h a t  th e  f a s t e s t  ru n n in g  
plasmid is  considerably sm a lle r than pILJ16 (5 .4  kb). From the cu t DNA 
i t  appears th a t  as in  the case o f  pDHG8 (Chapter 5) high and low 
abundance plasmids are present. This is  c le a r ly  seen in  the case o f  
ptrpBIO (F ig . 6.10, gel C) where approximate s izes o f  the  more o r  less 
abundant plasmids were measured as 25 kb and 8 kb re s p e c t iv e ly .  The 
d if fe re n c e  between the m ixture  o f  plasmids seen here, and the  s in g le  
high running band observed in  the Southern b lo t  suggest th a t ,  again, 
co in teg ra te  re so lu t io n  may have occurred, even though DH5 is  a recA~ 
s t r a in .
U nfortunate ly  the E .c o l i  s t r a in  con ta in ing  these plasmids became 
contaminated and had to  be d iscarded, so no more plasmid DNA could be 
prepared.
6 .3 .5  Transformation o f  A .n idu lans w ith  rescued plasmids
STET m in ip rep  DNAs o f  p trp B 1 -2 4  were used t o  t r a n s fo r m
A.n idu lans s t ra in  G196 s e le c t in g  fo r  TRP+ . Pools o f  fo u r  plasmid DNAs 
each were used fo r  each trans fo rm a tion . Where the plasmids used were 
ptrpB21-24 a s ing le  TRP+ colony was obtained. When examined i t  was 
found th a t  36% o f  progeny o f  t h i s  transform ant were TRP+ (sample s ize : 
112) ,  i . e .  i t  appeared to  be a genuine transform ant.
The low frequency may r e f le c t  the r e la t iv e  im pu r i ty  o f  plasmid DNAs 
produced using the STET miniprep method. However, the s in g le  unstab le 
transformant obtained suggested th a t  troB + gene sequences were rescued 
in to  E . c o l i , and th a t  the  in s t a n t  gene bank method i s  a v i a b le  
technique fo r  gene c lon ing .
Discussion
In  chapters 4, 5, and 6 o f  t h i s  th e s is  i t  has been demonstrated th a t  
in  t ra n s fo rm a t io n s  o f  Aspergi H u s  w i t h  autonom ously , r e p l i c a t i n g  
p lasm ids and v a r io u s  n o n - r e p l i c a t in g  DNAs t h a t  c o t r a n s fo r m a t io n  
occurs a t  h igh  frequency  by means o f  re c o m b in a t io n  o f  th e  two 
t r a n s f o r m in g  DNA s p e c ie s .  Where no hom o logy  e x i s t s  be tw een 
cotransform ing DNAs -  e .g . in  the cases o f  pHELP2 and pILJ16, pHELPI 
and trpC4,, argB4- or t rp B *  l in e a r  DNA -  non-homologous recombination 
occurs. Where homology does e x is t ,  e .g . as i t  d id  between pILJ16, 
pILJ16 w ith  the adD+ gene in s e r t ,  and pHELP3 in  the fo rm ation  o f  
pDHG8a -  homologous o r  non-homologous re c o m b in a t io n  may o c c u r .  
Whether non-homologous re co m b in a t io n  i s  a g e ne ra l p r o p e r t y  o f  
transform ing plasmids o r is  s t im u la ted  by AMA1 is  unclear.
In transfo rm ations where Alp plasmids were cotransformed w ith  he lper 
plasmids maximum frequencies o f  trans fo rm ation  o f  12,000 transform ants
fiper 10 p ro top las ts  ( p ILJ16 and pHELPI) and 3,000 transform ants per
R i
10 p ro top la s ts  (pHELPI and trpC l in e a r  DNA) were seen. Given th a t  o f  
p ro to p la s ts  used in  t ra n s fo rm a t io n s  o n ly  10—15% a re  c a p a b le  o f  
regenerating under non-se lec tive  co n d it ion s , these frequencies o f  
transfo rm ation  represent the transfo rm ations o f  8.3%-12.5% and 2.1%- 
3.1% o f  a l l  p ro top las ts  re sp e c t ive ly .  In trans fo rm ations  w ith  ARp1, 
13-20% o f  a l l  v ia b le  p ro top la s ts  are transformed.
As d e s c r ib e d  in  t h e  i n t r o d u c t i o n  t o  c h a p t e r  4, i n t e g r a t i v e  
cotransformation o f  eukaryo tic  c e l ls  has been w ide ly  in te rp re te d  as 
s ig n i fy in g  the existence o f  a small subpopulation o f  h ig h ly  competent 
c e l ls .  With respect to  trans fo rm ation  by autonomously re p l ic a t in g  
plasmids i t  would appear th a t  a subpopulation o f  13-20% o f  v ia b le  
p ro top la s ts  are competent. On the o the r hand t h i s  f ig u re  may simply 
r e f le c t  the fa c t  th a t  in  the trans fo rm ation  process each transfo rm ant 
i s  the  p roduct o f  the  PEG induced fu s io n  o f ,  on a ve ra g e , 5-10 
p ro to p la s ts ,  i n d ic a t in g  th a t  in  f a c t  a l l  p r o t o p la s t s  ca p a b le  o f  
regeneration are competent to  take up DNA.
I t  a lso appears th a t  where n ear-sa tu ra t ing  amounts o f  trans fo rm ing  
DNA is  used, m u lt ip le  copies o f  transform ing DNA sequences e n te r  most 
c e l ls ,  and th a t ,  in  most cases, recombination between these sequences 
occurs. Given these observations, p o s it in g  the exis tence o f  a t i n y  
subpopulation o f  competent p ro to p la s ts  to  exp la in  the occurrence o f  
co transformation in in te g ra t iv e  trans fo rm ation  is  superf luous. On the
112
other hand, i t  does not d isprove the existence o f  a subpopulation o f 
c e l ls  competent w ith  respect to  in te g ra t io n . However, i t  would a lso  be 
s u f f i c ie n t  to  propose th a t  the re  is  s imply a small p r o b a b i l i t y  th a t  in  
any given c e l l  which has taken up exogenous DNA, in te g ra t io n  o f  th a t  
DNA in to  the chromosome w i l l  occur. In  such a s i tu a t io n  i t  is  l i k e l y  
th a t  recombination between plasmids would occur p r io r  to  such rare 
in te g ra t io n  events.
In  the  in t r o d u c t io n  to  ch a p te r  4 o f  t h i s  t h e s i s ,  f o u r  g e n e ra l
observations about the mechanism o f  co transform ation  were made. These
loose ru le s  can now be reassessed in  th e  l i g h t  o f  th e  e v id e n ce
described in  the re su lts  sec tions  o f  chapters 4, 5 and 6 . With respect
to  Rule I ,  t h a t  c o tra n s fo rm a t io n  u s u a l l y  in v o lv e s  re c o m b in a t io n
between co tra n s fo rm in g  DNAs: i t  has been shown t h a t  in  th e  cases
examined cotransformation has occurred as the re s u l t  o f  recombination
o f  transform ing  DNAs to  form plasmid co in teg ra tes . With respect to
Rule I I ,  t h a t  homologous re co m b in a t io n  w i l l  o c c u r  where homology
e x is ts ,  and th a t  homologous recombination happens more re a d i ly  than
non-homologous recombination: a lthough i t  has been shown th a t  the
presence o f  homology between cotransform ing sequences does, as a ru le ,
appear to  increase c o tra n s fo rm a t io n  e f f i c i e n c y ,  non-hom ologous
recombination a lso occurs a t a high frequency. With respect to  Rule
IV, th a t  unselected l in e a r  DNA w i l l  recombine w ith  se lected  cccDNA
o
re s u l t in g  in co transform ation : co trans fo rm atin  o f  cccDNA w ith  l in e a r  
DNA does r e s u l t  from non-homologous re c o m b in a t io n  r e s u l t i n g  in  
co in teg ra te  formation. Since trans fo rm a tion  o f  trpC+ l in e a r  DNA alone 
d id  not give r is e  to  tra n s fo rm a tion , i t  is  not l i k e l y  th a t  any o f  the
» f i
3,000 TRP co lo n ie s  per 10 p r o to p la s ts  seen were th e  r e s u l t  o f  
in t e g r a t io n  o f  t rp C + l i n e a r  DNA i n t o  th e  chromosome. The r e s u l t s  
described do not have any bearing upon Rule I I I ,  th a t  hindrances which 
d e la y  hom ologous i n t e g r a t i o n  i n t o  th e  chromosome enhance  
cotransform ation and m u lt ip le  in te g ra t io n .
CHAPTER 7
Cloning the  adC-adD-ygA gene c lu s te r
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Figure 7.1 Mutants a f fe c t in g  pigmentation d u r ing  c o n id ia t io n .
CONIDIOPHORE
Time o f  appearance Gene p roduc t/
Locus Phenotype o f  mRNA (hours) 1 fu n c t io n
ivoA iv o ry  20 AHT b io syn th e t ic  enzyme
ivoB " 18 AHTase -  cuprozinc
phenol oxidase
ygA " ? Copper uptake/
d is t r ib u t io n
b r lA 2 " 15 Gene regu la to ry  Zn
f in g e r  DNA binding 
p ro te in
medA2 " ? ?
CONIDIAL
wA w hite  30 ?
wB n ?
wetA w e t-w h ite /a u to lys i ng 25 Gene regu la to ry  p ro te in
con id i a »
yA ye llow  20.5 laccase I
yB " ? copper u p ta k e /d is t r ib u t io n
ygA ye llow-green " " "
d i 1A d i lu te  " ?
d i IB
drkA dark " "
drkB
chaA chartreuse " “
bwA brown
fwA fawn
PA pale
1 Growth a t  37°C.
2 A1so a f fe c ts  morphology.
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In tro d u c tio n
The in te n s ive  research in to  the expression pa tte rns  o f  the b r lA , abaA 
and wetA genes, and cDNAs produced from developmental!y regulated 
t r a n s c r ip t s  has y ie ld e d  a l o t  o f  v a lu a b le  in f o r m a t io n  abou t gene 
re g u la t io n . However, abso lu te ly  noth ing has been discovered about the 
genetic  basis o f  morphogenesis. b r lA , abaA and wetA might as w e ll be 
genes r e g u la t in g ,  say, carbon c a ta b o l is m .  I t  i s  assumed t h a t  th e  
genetic  basis o f  conidiophore morphogenesis can be understood on ly  by 
studying those s t ru c tu ra l  genes regula ted by b r lA , abaA and wetA. 
However, mutant a l le le s  o f  such genes have ye t to  be id e n t i f ie d .  The 
next best th in g  -  models, i f  you l i k e ,  f o r  s t ru c tu ra l  morphogenes -  
are the genes determining p igmentation: regulated s t ru c tu ra l  genes
w ith ,  in  some cases, well characterised  products. These inc lude ivoA 
and i_voB ( i v o r y . )  w h ic h  a re  i n v o l v e d  in  c o n id io p h o r e  m e la n in  
b iosyn thes is ; and yA and yB ( ye l lo w ), and wA and wB (w h ite ) ,  which 
g ive  the  da rk -g reen  c o n id ia l  p ig m e n ta t io n .  A seven th  gene, ygA 
( ve llow -g reen) a f fe c ts  pigmentation both o f  conidiophore and con id i a. 
Genes determ in ing pigmentation during c o n id ia t io n  id e n t i f ie d  to  date 
are summarised in  Fig. 7.1.
The yA gene encodes a £-diphenol oxidase (laccase I )  the a c t iv e  form 
o f  which conta ins copper (C lu tte rbuck , 1972; Kurtz and Champe, 1982), 
and the production o f  which is  developmental!y regulated (Law and 
Timberlake, 1980). The product o f  wA is  unknown, but wA" mutants show 
a c o n id ia l  w a ll d e f ic ie n cy  (C la ve r ie -M a rt in  e t  a l ,  1986). wA mutations 
are e p is ta t ic  to  yA mutations (Pontecorvo e t  a l ,  1953), suggesting 
th a t  the wA product cata lyses the production o f  the ye llow  su b s tra te  
o f  the yA gene product from a co lo u r less  substra te . However, yA is  
expressed before wA: only b r lA~ o r  apsA~ mutants lack yA t r a n s c r ip t s ,  
whereas b r lA ” , abaA", wetA" and apsA"  lack wA t ra n s c r ip ts  (Ye lton  e t 
a l ,  1985; O’ Hara and Timberlake, 1989; Mayorga and Timberlake, 1990). 
The wB locus has on ly ju s t  been id e n t i f ie d  (Roper, 1990).
The ivoA/ivoB pigment, a complex po lypheno lic  melanin, is  thought to  
tan  the  po lysa cch a r ide  w a l ls  o f  th e  v e s i c l e  and s te r ig m a ta ,  th u s  
c o n s o l id a t in g  i t  a g a in s t d e g ra d a t io n .  The ivoA  gene p ro d u c t  i s  
believed to  cata lyse the synthesis o f  N -a c e ty l-6-hydroxytryptophan 
(AHT) (McCorkindale e t a l ,  1983). This is  the substra te  f o r  the ivoB 
gene product, AHTase, a cu p r iz in c  phenol oxidase. Synthesis o f  both 
mRNA and enzyme are developmentally regu la ted , the former appearing
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Figure 7.2 R e la tionsh ip  between morphological development and AHTase 
and AHT accumulation in  various b r lA  mutants.
A: AHTase and AHT accumulation.
Relevant Conidiophore AHT in  ivoB63
♦ £genotype Morphology melanin AHTase d e r iv a t iv e
br]A1 E + 16 34
br1A2 A -  7 -
b r lA 3 A -  7 0
br1A14 A -  57 3
b r !A 19 A -  85 0
b r ]A 6 A-B + 99 18
b r IA IO B -  72 2
brlA9 B + 134 43
br1A7 B-C + 192 23
br]A35 B-C + 158 56
brlA42 C + 100 100
* Levels ca lcu la ted  as percentages r e la t iv e  to  br1A42 leve ls .
B: Morphology o f  w ild - typ e  and b r lA  and abaA mutants. A: b r lA  n u ll
mutant. B-C: Inc rea s in g ly  leaky b r lA  mutants. D: abaA mutant. E: w i ld -  
type. (Courtesy o f  A .J .C lu tte rbuck , 1990a).
A B c D E
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a f t e r  20-24 hours o f  growth a t 37°C -  the time conidiophores f i r s t  
a p p e a r  ( B i r s e  and C l u t t e r b u c k ,  1990; 1 9 9 1 ) .  ivo A  t r a n s c r i p t  
accumulation is  a lso  developmental!y regula ted, again, accumulating 
a f t e r  20 hours o f  growth ( G r i f f i t h ,  pers. comm.).
One approach taken to  examine the re la t io n s h ip  between gene expression 
and morphogenesis has been to  is o la te  a number o f  leaky b r lA  mutations 
r e s u l t in g  in  a range o f  degrees o f  m o rp h o lo g ic a l  deve lopm en t 
(C lu tte rbu ck , 1969; 1990a). An attempt was then made to  c o r re la te  
p rec ise  degree o f  morphological development w ith  the appearance o f  
s p e c i f i c  gene p roducts  and s t r u c t u r a l  e le m e n ts .  These were AHT 
(produced by the ivoA gene p roduct), AHTase ( the  ivoB gene product) 
and conidiophore melanin i t s e l f .  The re s u lts  are summarised in  Fig.
7 .2 .  I t  was found th a t  in  some m utan ts  ( b r l A 14, b r l A 19) AHTase 
accumulated in  the absence o f  pigmentation o r morphogenesis. In  one 
(b r ]A 6) the re  was pigmentation w ithou t morphogenesis. In  o thers s t i l l  
( b r lA 1 0 ,b r lA 31) th e re  was AHTase p r o d u c t io n ,  and a degree  o f  
morphogenesis, w ithou t p igmentation. However, none were id e n t i f ie d  
which accumulated AHT, but no AHTase, i . e .  where ivoA was id e n t i f i a b ly  
expressed be fo re  ryoB. Unless b r l  A6 i s  ig n o re d ,  th e s e  r e s u l t s  
preclude a simple model o f  b r l  A fu n c t io n  where a s in g le  se r ies  o f  
gradated developmental stages correspond to  given degrees o f  b r lA  
a c t i v i t y .  Rather, they  suggest t h a t ,  i f  b r l  A a c t i v i t y  d i r e c t l y  
regula tes these o ther fu n c t io n s , i t  may have a separate reg u la to ry  
s p e c i f i c i t y  f o r  each fu n c t io n .
With the c lon ing  o f  the ivoA and ivoB genes, and the p u r i f i c a t io n  o f  
t h e  iv o B  gene p r o d u c t ,  AHTase, a l r e a d y  a c h ie v e d  ( B i r s e  and 
C lu tte rbuck , 1990; 1991; G r i f f i t h  and C lu tte rbuck , pers.comm.), and 
i d e n t i f i c a t io n  o f  the jvoA gene product h op e fu l ly  imminent, a much 
more p r e c is e  c o r r e l a t i o n  o f  d e g re e  o f  m o rp h o g e n e s is  and 
developmental!y regulated gene expression may be made. This can be. 
done by examining the various leaky b r lA  mutants f o r  t r a n s c r ip t  and 
gene p roduc t accum ula tion and, p o s s ib ly ,  u s in g  a n t ib o d y  s t u d ie s ,  
developmental changes in  the s p a t ia l  loca t io n s  o f  the gene products.
A range o f  leaky br lA  mutants could a lso  be used as the basis o f  a 
d isse c t io n  o f  the conidiophore s p e c i f ic  t r a n s c r ip t  popu la tion . cDNAs 
made from po ly (A )+RNA prepared from br]A1 s t ra in s  (morphology A: see 
Fig. 7.2B) could be used in  su b tra c t ive  h y b r id is a t io n  from p o ly (A )+RNA 
prepared from morphology B mutants (Timberlake, 1980). Then morphology 
B from morphology C, and so on. These po ly (A )+RNAs could then be used
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a) to  form cDNAs, to  be cloned in to  plasmid vec to rs ; o r b) to  prepare 
ra d io la b e l le d  f i r s t  strand cDNAs f o r  use as probes to  I d e n t i f y  cDNA 
clones a lready made (Zimmerman e t  a l ,  1980) from conidiophore s p e c i f ic  
t r a n s c r ip ts .  Thus, cDNAs corresponding to  genes ac t iva te d  a t p rec ise  
stages in  conidiophore morphogenesis could be id e n t i f ie d .
Both the medA and ygA genes a lso a f fe c t  conid iophore p igmentation. In 
medA15:b r lA 42 ivoB63 s t ra in s  accumulation o f  AHT is  reduced by near ly  
50% (C lu tte rbuck , 1990a), and conidiophores o f  medA~ s t ra in s  grown a t 
30°C have an ivo ry  phenotype.
Both c o n id ia l  laccase and AHTase are p a r t i a l l y  d e f ic ie n t  in  ygA~ 
mutants. Adding Cu++ to  e x tra c ts  o f  ygA, and ygB mutants restores f u l l  
a c t i v i t y  (C lu tte rbuck , 1972; 1990a; Kurtz and Champe, 1982). ivoA and 
ivoB mutants suppress the yellow-green spore co lou r phenotype o f  ygA, 
presumably because they don’ t  excrete a l l  the copper (AHTase is  an 
e x t r a c e l lu la r  enzyme). The vgA~ spore co lou r  phenotype is  a lso  pH 
s e n s it iv e :  a t  low pH w ild - ty p e  p igmentation (green) is  seen; a t  high 
pH con id ia  are ye llow . The ygA locus is  located on l inkage group I I ,  
0.1 map u n its  d is ta l  to  the adD locus (C lu tte rb u ck , 1981).
The ygA (and poss ib ly  ygB) product, then, is  l i k e l y  to  be invo lved 
on uptake and d is t r ib u t io n  o f  copper ions. I t  was decided to  clone the 
ygA gene p r im a r i l y  in  o rd e r  to  see w he th e r  i t  i s  d e v e lo p m e n ta l !y  
re g u la te d .  A lthough i t  seems l i k e l y  t h a t  some system o f  coppe r 
d i s t r i b u t i o n  must e x is t  f o r  v e g e ta t iv e  g row th  -  and a t  l e a s t  one 
vegeta tive  phenol oxidase (hyphal ty ro s in ase ) has been id e n t i f ie d  -  
the  f a c t  t h a t  two copper re q u i r in g  enzymes a re  produced in  la rg e  
q u a n t i t ie s  during co n id ia t io n  (AHTase is  approximately 1% o f  t o t a l ,  
c e l l  p ro te in ;  B irse and C lu tte rbuck , 1990) suggests th a t  a c o n id ia t io n  
s p e c i f ic  copper d is t r ib u t io n  system may e x is t .  A ro le  f o r  t r a n s i t io n  
metals in  morphogenesis cannot be ru led ou t.
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Figure 7.3. R e s tr ic t io n  d iges ts  o f  LadD6 , LadDIO and LadD11
Only s i g n i f i c a n t  d ig e s ts  are l a b e l l e d .  Lambda EcoR I / Hi nd l l I  s i z e  
standards are given in kb.
Gel A: Lanes 1 -  3) LadD6, LadDIO and LadD11, EcoRI, 4 - 6 )  LadD6, 
LadDIO and LadD11, BamHI, 7 - 9 )  LadD6, LadDIO and LadD11, Hind l l l . 10 
-  12) LadD6, LadDIO and LadD11, Ps t l .
Gel B: Lanes 1 -  3) LadD6, LadDIO and LadD11, Dral , 4 - 6 )  LadD6, 
LadDIO and LadD11, D ra l /BamH I .
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7.1 . Screening an A s p e rg illu s  gene l ib r a r y  in  EMBL3 w ith  pDHG8
In  chapter 5 is o la t io n  o f  the plasmid m ixture pDHG8 , which conta ins 
adD gene sequences was d e s c r ib e d .  A gene l i b r a r y  o f  DNA from  
A .n id u la n s  s t r a in  G089 was c o n s t ru c te d  in  th e  lambda re p la ce m e n t 
vec to r  EMBL3 (F r ischauf e t  a l ,  1983) by Gareth G r i f f i t h .  Phage were 
p la ted  out using E .co l i  host s t r a in  NM621 to  generate approximately
6,000 plaques on 10 x 10 p e t r i  p la te s .  Given an average l ib r a r y  in s e r t  
s ize  o f  about 20 kb t h i s  represents approximately fo u r  genomes o f  
A .n idu lans DNA. Lambda DNA was t ra n s fe r re d  to  d up l ica te  sets  o f  nylon 
f i l t e r s .  One set o f  f i l t e r s  was probed w ith  ARp1, and the o the r w ith  
pDHG8 . HRP-labelled ARp1 and pDHG8 DNA was used.
Since both ARp1 and pDHG8 con ta in  AMA1 and argB sequences, plaques 
h y b r id is in g  to  adD were id e n t i f ie d  as those which l i t  up w ith  pDHG8 , 
but not ARp1. 57 plaques l i t  up w ith  both probes, i . e .  hyb r id ised  w ith  
AMA1 o r argB sequences. 12 plaques l i t  up w ith  pDHG8 alone. The X-ray 
f i lm  was then aligned w ith  the p la tes  from which the probed f i l t e r s  
were prepared, and the areas from which the adD -hybrid is ing  phage had 
come were picked (0.5 cm) and resuspended in SM b u f fe r .  These phage 
were then plated a t a lower dens ity  (several hundred per p la te )  and 
reprobed w ith  pDHG8 . Of the o r ig in a l  12 areas picked, th ree  y ie lded  
plaques which gave a s ig n a l.  The o the r nine s igna ls  may have been 
caused by n o n -s p e c i f ic  b in d in g  o f  p robe . When phage from  s e v e ra l  
in d iv id u a l  plaques each o f  the th ree  p o s i t iv e  clones were p la ted  a t 
low dens ity  (approximately 30 per p la te )  a l l  plaques hybrid ised  w ith  
pDHG8 .
DNA was extracted from these lambda clones, designated LadD6 , LadDIO 
and LadD11.
7.2 .  Transformation o f Aspergi 11 us to  AD+ w i t h  LadD6, LadDIO and 
LadD11
A.n idu lans s t ra in  G135 (vA2 luA1:adD3) was transformed separa te ly  w ith  
LadD6 , LadDIO and LadD11, se le c t in g  f o r  AD+. In  each case pHELPI was 
added t o  th e  t r a n s f o r m a t i o n .  The numbers o f  r e s u l t i n g  AD+
fitransformants were 900, 560 and 720 per 10 p ro top las ts  re s p e c t ive ly .  
By comparison, a t ra n s fo rm a t io n  w i t h  pDHG7 r e s u l t e d  in  2 ,000  AD+
c
transformants per 10 p ro to p la s ts .
From the high frequency o f  trans fo rm ations  to  AD* obtained i t  was 
concluded th a t  a) a l l  th ree  lambda clones conta in  the adD*  gene, and
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Figure 7.4. Southern b lo t  ana lys is  o f  LadD6 , LadDIO and LadD11
S o u t h e r n  b l o t s  shown be l ow c o r r e s p o n d  t o  g e l s  above .  Lambda 
EcoR I /H ind l l l  s ize standards are given in kb.
A) Probe: Lambda DNA.
B) Probe: pDHG8.
In both cases r e s t r i c t i o n  d igests  were as fo l lo w s :
Lanes 1 -  3) LadD6, LadDIO and LadD11, EcoRI: 4 - 6 )  LadD6, LadDIO and 
LadD11, H in d l l l :  7 - 9 )  LadD6, LadDIO and LadD11, B g l l l :  10 -  12) 
LadD6, LadDIO and LadD11, Sal I .
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Table 7 .1 . Sizes o f  r e s t r i c t i o n  fragments o f  LadD6 , LadDIO and LadD11 
estimated from ge ls  shown in  F ig . 7.3 and F ig . 7 .4 .
Fragments h y b r id is in g  w i th  Lambda DNA a re  in  b o ld ,  and th o s e  
h y b r id is in g  w ith  pDHG8 and underlined. Fragments o r ig in a t in g  from the 
EMBL3 vec to r alone are bracketed.
LadD6 Sum o f
Enzyme(s) R e s t r ic t io n  fragment s izes Frag, s izes
BamHI 27, 14, 5.0, 0.5 46.5
Dral  19.8, (8 .0 ) ,  (7 .6 ) ,  (5 .3 ) ,  3 .8 , (1 .1 ) ,  (1 .0 ) 46.6
Smal (20), 12.5, (5 .8 ) ,  4 .6 , 2.0, 1.8, 0 .6 , 0.5 48.7
Dral/BamHI 11.5, ( 8 . 0) ,  (7 .6 ) ,  (5 .3 ) ,  5 .0 , 4.0 , 2 .9 ,
(1 .1 ) ,  (1 .0 ) ,  0.5 46.4
EcoRI/Dral 10.4, (8 .0 ) ,  (7 .6 ) ,  (5 .3 ) ,  3 .8 , 3 .5 , 1 .7 , ( 1 .1 ) , ( 1 .0 )  42.5
M i l l  20, (6 .4 ) ,  4 .7 , 3.5, 3 .3 , 3 ^ ,  1.9, (1 .3 ) ,
(0 .6 4 ) , 0.58, (0 .4 3 ),  (0.39) 46.14
EcoRI 20.8, 20 .6 , 3 .5 , K 5  46.4
H in d i I I  25, 7 .4 , (4 .2 ) ,  4 .0 , 2 .0 , 1.9, 1.4, 1.2 47.1
LadDIO
BamHI 28.8, 11.5, 5.0. 0.5 45.8
Dral  23, (8 .0 ) ,  (7 .6 ) ,  (5 .3 ) ,  (1 .1 ) ,  (1 .0 ) 46.0
Smal  (17), 10.0, 6.0 , (5 .5 ) ,  4 .6 , 2 .0 , 0 .6 , 0.5 46.2
Dral/BamHI 15.5, (8 .0 ) ,  (7 .6 ) ,  (5 .3 ) ,  5 .0 , 4 .5 , (1 .1 ) ,
(1 .0 ) ,  0.5 48.5
M i l l  24 .4 , (6 .4 ) ,  5 .6 , 3.5 , M 0 , 1.9, (1 .3 ) ,  (0 .64 ),
0.58, (0 .43 ), (0.39) 48.1
EcoRI 1 8 . 0 , 1 8 . 0 , 4 ^ , 3 ^ 5 , 1 ^ 5  45.3
H in d l l l  20, 8 .0 , 5.9, (4 .2 ) ,  4 .0 , 2 .0 , 1.9, 1.4 47.4
LadD11
BamHI 42.7 42.7
Dral  18.8, (8 .0 ) ,  (7 .6 ) ,  (5 .3 ) ,  (1 .1 ) ,  (1 .0 )
Smal  (1 9 .3 ) ,  9.4, (5 .8 ) ,  4 .6 , 3.6 43.0
Dral/BamHI 18.8, (8 .0 ) ,  (7 .6 ) ,  (5 .3 ) ,  (1 -1 ) ,
M i l l  27 .5 . (6 .4 ) ,  3 .0 , 2.9, (1 .3 ) ,  (0 .6 4 ),
(0 .43 ), (0.39) 42.6
EcoRI 23, 8 . 8 , 4^3, M 5 , U j i ,  1.1 42.2
H in d l l l  22 .4 . 8.0 , 5 .0 , (4 .2 ) ,  4.0 43.6
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LadD IO r1 ------^ — 1— 1 ' 11--------U ---  1 I 18.8 kb
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1 1 1 1 I 13.6 kb
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LadD l l  B g E  e
■mm
adD insert of pDHG8a
Figure 7.5. Restriction maps of Aspergillus DNA inserts of LadD6, 
LadDIO and LadD11
Note: LadD6 and LadD11 in s e r ts  conta in  a t h i r d  BamHI s i te  0.5 kb from 
one o f  those two mapped.
A bbrev ia tions fo r  r e s t r i c t i o n  enzyme s i te s :  B, BamHI: Bg, B g l l l :  C,
C la l : D, D ra l; E, EcoRI: Sm, Smal.
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b) ARp co in teg ra tes  were forming by recombination between l in e a r  DNA 
and pHELPI, im p ly in g  th a t  the  adD gene on th e  lambda i n s e r t  can 
fu n c t io n  w itho u t in te ra c t io n  w ith  the chromosome and th e re fo re  in  each 
case the e n t i r e  adD gene is  contained w i th in  the lambda DNA in s e r t .
In  a s im i la r  manner A .n idu lans s t ra in  G225 (yA2 pyroA4: adC1) was 
cotransformed w ith  the th ree  lambda clones and pHELPI, s e le c t in g  f o r  
AD+ . LadD6 , LadDIO and LadD11 gave 400, 120 and 500 AD+ transformants 
per 106 p ro to p la s ts  re sp e c t ive ly .  Again, i t  was concluded th a t  each 
clone conta ins the adC+ gene in  i t s  e n t i r e t y .
7.3. R e s t r ic t io n  mapping o f  LadD6 , LadDIO and LadDII
Results o f  d iges ts  o f  LadD6 , LadDIO and LadD11, and es tim ations  o f  
fragment s izes are shown in  Fig. 7.3 and Table 7 .1 . Southern ana lys is  
o f  re s t r ic te d  DNA was a lso  ca rr ie d  out (F ig . 7 .4) using pDHG8 and 
lambda DNA probes.
From t h i s  d a ta  r e s t r i c t i o n  maps, shown in  F ig .  7 . 5 ,  w ere  
constructed. LadD6 , LadDIO and LadD11 conta in  in s e r ts  o f  s izes 17.8 
kb, 18.8 kb and 13.6 kb re sp ec t ive ly ,  a l l  o f  which are in  the same 
o r ie n ta t io n  r e la t iv e  to  the EMBL3 vec to r. pDHG8 hyb r id ises  to  the 3 .0 -  
kb B g l l l  fragment which is  le f t -m o s t  in  the LadD6 in s e r t ,  as shown 
(F ig . 7 .5 ) .
7.4. L o ca l isa t io n  o f  adD and adC
pDHG7 DNA was re s t r ic te d  w ith  a v a r ie ty  o f  enzymes and then used to  
transform  A .n idu lans s t ra in  G135 ( adD3) to  AD+ . pHELPI was added to  
the trans fo rm ation . That DNA cleavage had occurred to  completion was 
checked by AGE. Results are d isplayed in  Table 7.2. EcoRI. PstI  and 
Xhol  r e s t r i c t io n  abolished gene fu n c t io n ,  whereas H in d l l l  and M i l l  
d id  not. M i l  r e s t r i c t io n  reduces gene a c t i v i t y  by one o rder o f  
magnitiude but does not e n t i r e ly  abo lish  i t .
LadD6 was then re s t r ic te d  w ith  Smal, and w ith  C la l and, again, used 
to  transform  s t ra in  G135 to  AD+ (Table 7 .2 ) .  N e ithe r o f  these enzymes 
abolished gene fu n c t io n .
LadD6 was then re s t r ic te d  w ith  EcoRI. Smal  and B g l l l  and used to  
transform  A.n idulans s t ra in  G225 (adC1) to  AD*. I t  was found th a t ,  
l i k e  adD*  EcoRI r e s t r i c t io n  abolished gene fu n c t io n ,  whereas Smal  and 
Bg ll l  d id  not.
That B g l l l  does not abo lish  adD or adC fu n c t io n  suggests th a t  both
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Table 7 .2 . Transform ation o f  A s p e rg illu s  to  AD+ using pDHG7f LadD6 o r
pYG12
Two s t ra in s ,  G135 (adD3) and G225 (adC1) were transformed w ith  the  
DNAs uncut, o r cleaved w ith  various r e s t r i c t i o n  enzymes. Enzyme was 
removed p r io r  to  trans fo rm ation  by phenol/ch loro form  e x tra c t io n  which 
was fo llow ed by EtOH p re c ip i ta t io n .
G135
NUMBER OF TRANSFORMANTS /  106 PROTOPLASTS 
Transforming Helper
DNA ENZYME
-  H in d l l l  EcoRI B g l l l  P s t I  S a il  Xhol  Clal  Smal
pDHG7 88 137 0 75 1.1 3.8 0.1 - ARp1
LadD6 250 30 - 110 - pHELPI
i i 60 - - ■ -  - -  -  - 25 i i
pYG12 20 - 0 - 6 2 16
G225
LadD6 500 - 8 120 - 130 pHELPI
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1 kb
pYGl I  Sm E SC PHPSmS
No Mlul
pYG9 E Xh E XhXbEPSmS \ /  BgEPSmS w  BgC C B xh SmESCPH
pYG12 Sm
XbEP SXhE SmESCPH
No Xbal, HindDIII, 
Clal or Kpnl
pYG15 Xb Sm S Sm SmESCPH
No Xbal, Clal, Hindlll, 
EcoRI or Mlul
F igure 7.6. R e s t r ic t io n  maps o f  subclones o f  LadD6 
These subclones were produced by l ig a t io n  o f  B g l l l  fragments o f  LadD6 
in to  the BamHI s i t e  o f  pBLUESCRIPTII KS+. Enzymes which d id  not cleave 
in s e r t  DNA are shown in  brackets on the r ig h t .  Note th a t  pYG9 contains 
th ree  B g l l l  fragment in s e r ts :  the l e f t  hand two are the same as those 
in  pYG12; the r ig h t  hand one is  th a t  shown in  F ig . 7.5 .
Abbrev ia tions fo r  r e s t r i c t io n  enzyme s i te s :  B, BamHI: Bg, B g l l l :  C, 
C la l :  D, E, EcoRI: Sm, Smal: Xb, Xbal: Xh, Xhol.
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genes l i e  on a B g l l l  fragment. Southern a na lys is  (F ig . 7 .4 ) suggests 
th a t  both genes are contained w ith in  a 3 .0 -kb  B g l l l  fragment. Gareth 
G r i f f i t h  l ig a te d  B g l l l  fragm ents  o f  LadD6 i n t o  th e  Barnl  s i t e  o f  
pBLUESCRIPTII KS+. The l i g a t i o n  m ix was t ra n s fo rm e d  i n t o  E . c o l i  
s t ra in s  DS941 se le c t in g  f o r  white ampn co lon ies  con ta in ing  recombinant 
clones on Xgal/IPTG by DHG. Four subclones o f  the LadD6 in s e r t ,  pYG1, 
pYG9, pYG12 and pYG15 were iso la te d  and r e s t r i c t i o n  mapped (F ig . 7 .6 ) .
Since pYG12 contained the 3.0-kb B g l l l  fragment where adD and adC 
were be lieved to  be located, t h i s  was used to  transform  A.n idu lans 
s t ra in s  G135 (adD3) and G225 (adC1) to  AD+ . pHELPI was added to  a l l
1 1  fi
trans fo rm ations . pYG12 gave 20 adD , and 25 adC transformants per 10 
p ro to p la s ts .  Transformation w ith  pHEL.P1 gave no transformants.
The 3.0-kb in s e r t  o f  pYG12 conta ins both adD and adC. Since adD gene 
fu n c t io n  is  abolished by Xhol  and EcoRI, but not by PstI  o r  Smaj and 
g re a t ly  reduced by S a i l ,  the gene appears to  extend from the Sa il  s i t e  
to  some po in t  on the r ig h t  o f  the EcoRI s i t e ,  as shown in  Fig. 7 .7 . ' 
S im i l a r l y  adC fu n c t io n  i s  a b o l ish e d  by EcoR I , b u t n o t Smal .  T h is  
suggests th a t  adD and adC are the same gene. However, complementation 
s tud ies (Foley e t a l , 1965), and by DHG (data  not shown) in d ica te  th a t  
these are two separate genes.
7.5. Transformation o f  A s p e rg i l lu s  to  ygA* w ith  LadD6 and LadDIO
A . n id u la n s  s t r a i n  DHG124 ( ygA6 : t h i A 4 : a rg B 2 : m ethB3) was
cotransformed w ith  LadD6 , LadDIO and LadD11, and ARp1, se le c t in g  -for-' 
ARG+ . In  th re e  t ra n s fo rm a t io n s  i t  was fou n d  t h a t  where LadD6 and 
LadDIO were used, ygA+ co lon ies were seen a t low frequency. No ygA* 
co lon ies  were seen using LadD11. Frequency o f  cotransform ation to  ygA* 
was d i f f i c u l t  to  e s t im a te  s ince  ygA+ c o lo n ie s  were o n ly  seen on 
trans fo rm ation  p la tes  w ith  con fluen t growth, but was genera l ly  o f  the 
order o f  0.1 -  0.5%.
These r e s u l t s  im ply  th a t  a) the  ygA gene i s  c o n ta in e d  in  i t s  
e n t i r e t y  in LadD6 and LadDIO, and b ),  th a t  i t  l i e s  to  the r ig h t  o f  the 
3.0-kb B g l l l  fragment con ta in ing  the adD and adC genes, as drawn in  
F ig. 7.5.
Further cotransformations using LadD6 DNA re s t r ic te d  w ith  va r ious  
enzymes, and ARp1, were ca rr ie d  out in  an attempt to  lo c a l is e  the 
ygA+ gene. Over three cotransformations o f  s t r a in  DHG124 i t  was found
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Table 7 .4 . Appearance o f  ygA+ progeny o f  ARp1/LadD cotransform ants
STRAIN APPEARANCE
TLadD6 . 1 
TLadD6 . 2 
TLadD6.3 
TLadD6.4 
TLadDIO. 1 
TLadDIO.2 
TLadDIO.3 
TLadDIO.4
Green w ith  ye llow speckles
Dark green
Green w ith  ye llow  speckles
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Table 7 .5 . S ta b i l i t y  o f  asexual progeny o f  unstab le  asexual progeny o f
ygA+ cotransform ants
Conid i a from ygA*  co tra n s fo rm a n ts  were p la te d  a t  a d e n s i t y  o f  
approximately 50 /  p la te  on CM, and on CM plus a rg in in e . On CM ARG”  
s t ra in s  do not con id i a te , th e re fo re  the phenotype o f  ARG”  progeny w ith  
respect to  ygA is  unknown.
Sample ygA+ : % ygA+ :
S tra in Medium s ize ygA+ ARG+ %ARG+ o f  ARG+ o f  to ta l
TLadDIO.1.1 CM >100 >100 - - 100
.. CM + arg ■I - - "
TLadDIO.1.2 CM •• - - "
■ CM + arg n - - "
TLadDIO.1.3 CM i i -
i i CM + arg n - - "
TLadDIO.1.4 CM •• - “  : u
i i CM + arg - -  '
TLadD6. 1.1 CM 87 35 46 76 40
CM + arg 30 12 - 40
TLadD6 . 1.2 CM 77 21 21 100 27
.. CM + arg 71 15 . - - • 21
TLadD6. 1.3 CM 67 11 13 85 16
- CM + arg 59 16 - - 27
TLadD6 . 1.4 CM 49 12 40 30 24
" CM + arg 60 18 - - 30
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th a t  where d iges t ion  w ith  Xhol  and H in d l l l  abolished ygA* a c t i v i t y ,  
ygA* co lon ies  were found among ARG+ transform ants using LadD6 DNA 
re s t r ic te d  w ith  BamHI, C la l ,  B g l l l  and Smal  a t  a very low frequency 
(,0 .5% ). However, when co transform ations o f  s t r a in  DHG124 were c a r r ie d  
out using pYG1, pYG9, pYG12 and pYG15, and ARp1, no ygA* co lon ies  were 
seen among the ARG* co lon ies .
7.6.  Characterisation of ygA* transformants
C on id ia  from fo u r  ygA+ t ra n s fo rm a n ts  o f  s t r a i n  DHG124 each w i t h  
ARp1/LadD6, and ARp1/LadD10, were p la ted  on CM, and CM supplemented 
w ith  a rg in in e .  The proportions o f  ARG* and ygA+ progeny were counted; 
the re s u lts  are d isplayed in  Table 7.3. In  a l l  cases i t  can be seen 
t h a t  the  ygA*  phenotype is  m i t o t i c a l l y  u n s ta b le :  <0.5 -  40% o f  
progeny are ygA*. Furthermore, the p ropo rt io n  o f  ygA* co lon ies scored 
on CM, and CM plus a rg in ine  is  s im i la r ;  t h i s  is  so even though on CM 
most o f  the co lon ies are ARG” , and cannot be c la s s i f ie d  w ith  respect 
to  ygA, s tro n g ly  in d ic a t in g  th a t  the ARG”  co lon ies  are a lso  ygA"~. This 
is  re f le c te d  in  the high p roport ion  o f  ARG* ygA+ co lon ies.
V a r ia t io n  in appearance o f  ygA+ co lon ies  was also observed (Table
7 .4 ) .  In  s ix  out o f  e ig h t  cases ygA* progeny appeared green w ith  
ye llow  speckles. This was rem in iscent o f  progeny o f  ARp1/pCEB218 
( ivoB *)  cotransformants, which were brown w ith  white speckles. This 
co lou r  heterogeneity  presumably r e f le c ts  the heterogeneity  o f  the 
colony w ith  respect to  ygA or ivoB, whichever the case may be. In  two 
cases co lon ies  were dark green, in d ic a t in g  th a t  s ta b i l i s a t io n  o f  the 
ygA*  phenotype may have occurred.
This was confirmed by te s t in g  the s t a b i l i t y  o f  the ygA* phenotype in  
fo u r  progeny each o f  TLadD6 . 1, TLadD6.4 and TLadDIO.1. The re s u lts  are 
d is p la y e d  in  Table 7 .5 . As can be seen a l l  progeny o f  TLadDIO. 1 
progeny were ygA*, whereas a l l  progeny o f  TLadD6 . 1 and TLadD6.4 were 
unstable (average: 28% ygA*). The s t a b i l i t y  o f  the ygA*  phenotype in  
th e  case o f  progeny o f  TLadDIO. 1 may r e f l e c t  i n t e g r a t i o n  o f  ygA* 
sequences in to  the chromosome.
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Table 7.3.  A na lys is  o f  progeny o f  ygA4" cotransform ants w ith  ARp1 and
LadD6 and LadD11
Conidi a from ygA+ cotransformants o f  s t r a in  DHG124 were p la ted a t a 
d e ns ity  o f  approximately 50 /  p la te  on CM, and on CM plus a rg in ine . 
On CM ARG" s t ra in s  do not con id i a te , th e re fo re  the phenotype o f  ARG”  
progeny w ith  respect to  ygA is  unknown.
Sample vqA+ : * ygA+ : :
S t ra in Medium s ize ARG+ ygA+ ARG+ to t a l
TLadD6 . 1 CM 300 NR1 7 - 2
i i CM + arg 30 - 1 -  . 3
TLadD6 . 2 CM 160 NR 1 - 0.6
" CM + arg - - NR - -
TLadD6 . 3 CM 49 8 1 13 2
i i CM + arg 250 - 2 - 0.8
TLadD6 . 4 CM 115 12 11 92 10
i i CM + arg 115 - 12 - 10
TLadDIO.1 CM 25 11 10 91 40
• i CM + arg 120 - 40 - 43
TLadDIO.2 CM 40 10 3 30 7.5
CM + arg 159 - 1 - 0.6
TLadDIO.3 CM 36 8 3 38 8
CM + arg 200 - 0 <0.5
TLadDIO.4 CM 200 NR 4 - 2
i i CM + arg - - NR - -
■ —____________ r_____ ■ __________ rr— r - ~ --- rn___ 1_
1NR: not recorded.
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3 .0 -kb  insert of pYG12
BSE Sm S XhE Bg
|~J~ . i .1, i i  |s
   „   -------------------
adC    ,......
1 kb
Figure 7.7. R e s t r ic t io n  map o f  pYG12 A .n idu lans DNA in s e r t  showing 
e x ten t o f  region which conta ins adD and adC.
The open box represents the 3.0-kb in s e r t  o f  pYG12, and the c ross- 
hatched boxes the minimum regions in  which MO and adC l i e .  
Abbrev ia tions fo r  r e s t r i c t io n  s i te s :  Bg, Bg ll l :  E, EcoRI: S, S a il : Sm, 
Smal; Xh, Xhol .
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Discussion
This chapter describes the is o la t io n  o f  th ree  lambda l ib r a r y  elements 
w ith  homology to  adD gene sequences. A l l  th ree  con ta in  the adD and adC 
gene s . Two, LadD6 and LadDIO , a ls o  c o n t a in  th e  c o n id io p h o r e  
p igmentation gene ygA.
The A.n idulans DNA in s e r t  o f  pYG12 conta ins both adD and adC, 
apparently  in  the same s t re tc h  o f  DNA. This suggests th a t  adD and adC 
are the same gene, encoding the enzyme AIR carboxylase, but th a t  t h i s  
enzyme has more than one a c t iv e  s i t e .  Thus mutations a t adD and adC 
lead to  loss o f  fu n c t io n  a t  on ly  one o f  the two s i te s ,  a llow ing  
c o m p le m e n ta t io n  be tw een  adD3 adC+ and adD+ adC*  m u ta n ts  in  
he te roka ryons . A l t e r n a t i v e l y ,  i t  may be t h a t  AIR c a rb o x y la s e  i s  
d im eric , o r o ligom eric . In  t h i s  case combination o f  mutant adD and 
adC monomer might re s u l t  in  a fu n c t io n a l enzyme.
The frequency o f  co transform ation  to  ygA+ using adD6 and adD10, and 
ARp1 was unusually low (,0 .5% ), poss ib ly  in d ic a t in g  th a t  an incomplete 
copy o f  the ygA gene had been cloned. Two cons idera tions speak aga ins t 
t h i s :  f i r s t l y ,  trans fo rm ation  w ith  LadDIO gives ygA+ co lon ies , and the 
LadD6 in s e r t  extends fu r th e r  r ightward than LadDIO (as shown in  Fig.
7 .5 ) .  This suggests th a t  i f  LadDIO d id  not conta in  the e n t i r e  gene, 
then LadD6 would -  unless the l a t t e r  conta ins a double in s e r t  o f  
A s o e r g i 11 us DNA. S e c o n d ly ,  in  s t a b i l i t y  s t u d ie s  ARG+ ygA+ 
co trans fo rm an ts  both LadD6 and LadDIO behave as i f  th e y  c o n ta in  
ARp1/LadD plasmid co in teg ra tes . I f  t h is  is  so, to  complement the ygA6 
mutation both LadD6 and LadDIO must conta in  the e n t i r e  ygA gene. Given 
these two c o n s id e ra t io n s ,  the  reason f o r  th e  low f re q u e n c y  o f  
co transformation to  ygA+ is  unclear.
Given th is  low frequency o f  co transform ation , a p ra c t ic a l  way to  
subclone the ygA gene would be to  use LadD6 o r LadDIO to  co n s tru c t a 
DNA m in i l ib ra ry .  This could be done by l ig a t in g  LadD DNA, p a r t i a l l y  
d ig es ted  w ith  S a u I I Ia ,  in t o  the  BamHI s i t e  o f  p ILJ16 o r  pDHG25. 
Plasmids conta in ing the ygA gene could then be id e n t i f ie d  e i t h e r  by 
transfo rm ation  o f  DHG124 to  ARG+ ygA+ w ith  large numbers o f  d i f f e r e n t  
plasmid m in ip repara tions, o r by s ib  se le c t io n .
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CHAPTER 8
s th A and s th B :  p o ly g e n e s  d e t e r m in in g
morphogenesis
c o n id io p h o r e
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In tro d u c tio n
A c e n t r a l ,  e s s e n t i a l l y  u n s o lv e d  p ro b le m  o f  b i o l o g y  i s  how 
morphogenesis i s  de te rm ined . I t  i s  supposed t h a t  in f o r m a t io n  
determ in ing morphology is  contained w i th in  the genome, expression o f  
which occurs during development, thus determ in ing morphogenesis. This 
idea underlies  the main approach o f  the molecular genetics to  the 
in v e s t ig a t io n  o f  morphogenesis, w h ich  is  as f o l l o w s .  I f  genes 
de term ine  morphology, then m u ta t io n  in  th o se  genes may r e s u l t  in  
abberant morphogenesis, and large numbers o f  morphological mutations 
have indeed been id e n t i f ie d .  Using molecular b io lo g ic a l  methodology 
such genes can be c loned , and th e y  and t h e i r  p r o t e in  p ro d u c ts  
c h a ra c te r is e d .  I t  i s  hoped t h a t  an u n d e rs ta n d in g  o f  such p r o t e in  
products, t h e i r  b iochemistry and e f fe c ts  on c e l l  b io logy should reveal 
the processes which u nde r l ie  morphogenesis. This approach has been 
e n t i r e ly  successful in  understanding v i r io n  morphogenesis, e .g . th a t  
o f  the tobacco mosaic v i ru s  (TMV) and bacteriophage T4.
This has also been the main th ru s t  o f  research in to  the development 
o f  the  A s p e rg i11 us c o n id io p h o re . In  a d d i t i o n  T im b e r la k e  (1980 ) 
compared p o ly (A )+RNA p o p u la t io n s  o f  v e g e ta t iv e  m yce lium  w i t h  
developing A spe rg i l lus  cu ltu re s ,  and found th a t  where 6,000 poss ib le  
mRNA t r a n s c r ip t s  were p resen t in  th e  fo rm e r ,  an a d d i t i o n a l  1 ,200 
appeared in the la t t e r ,  200 o f  which were present on ly in  con id ia .  
Given the above arguments, i t  could be postu la ted th a t among the 1,000 
poss ib le  mRNAs which appear during growth o f the con id iophore, some 
are transcr ibed  from genes s p e c i f i c a l ly  involved in de term in ing  i t s  
morphology.
M a r t i n e l l i  and C lu t te rb u c k  (1971) e s t im a te d  th e  number o f  l o c i  
involved in  co n id ia t io n  by comparing the  frequency o f mutation a t such 
lo c i  w ith  those o f  o th e r  lo c i  w i th  known fu n c t io n s .  45-150  genes 
involved s p e c i f ic a l ly  in  c o n id ia t io n ,  and not vegeta tive  fu n c t io n s  
were counted. When a large number o f  such mutants were examined, very 
few possessed c le a r ly  defined a l te ra t io n s  o f  morphology which one 
might p re d ic t  from a l te ra t io n  o r d e s tru c t ion  o f  the fu n c t io n  o f  a 
morphology determining gene. 85% were found simply to  co n id ia te  ra th e r  
p o o r ly  (o ligosporogenous m utants) w i t h o u t  c le a r  a l t e r a t i o n s  o f  
morphology. However, a few such lo c i  producing in te re s t in g  a l t e r a t io n s  
in  mutants were id e n t i f ie d ,  e .g . medA, stuA, apsA and apsB (see main 
In t ro d u c t io n ) .  13% did not produce conidiophores at a l l .  2.3% were
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mRNA
Not determining 
morphology 
e.g. ivoA ivoB
Determining
morphology
Secondary
metabolism
Structural 
components of 
conidiophores
Gene regulatory 
factors, e.g.
brlA abaA
Occurring in the 
underlying mycelium 
(secondary metabolism)
Occurring in the 
conidiophore
1000 poly(A) RNAs
Occurring during conidiation but 
not specific to conidia
F igu re  8 .1 .  Scheme showing p o s s ib le  i d e n t i t i e s  o f  1,000 mRNAs 
appearing du ring  A sp e rg i l lu s  conidiophore development
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a ffe c ted  in co n id ia l  germination or p igmentation. Only 0.3% showed 
c le a r  m orpho log ica l t ra n s fo rm a t  io n s  r e s u l t i n g  in  an a c o n id ia l  
c o n id io p h o r e .  These w ere th e  l o c i  b r 1A and abaA (se e  t h e s i s  
In t ro d u c t io n ) .  Both b r lA  and abaA were iso la te d  separa te ly  a t  lea s t 
30 times, w ithou t any o the r mutations f a l l i n g  in to  the same category 
being id e n t i f ie d ,  an in d ic a t io n  th a t  the re  are no more to  be found.
The brlA  and abaA genes have both been cloned (Johnstone e t a l , 
1985; Boylan e t a l ,  1987) and sequenced (Adams e t a l ,  1988; M irab ito  
e t  a l ,  1989). Sequence data suggests th a t  the brlA  and abaA genes 
encode DNA b ind ing p ro te ins  which regu la te  o the r genes, ra th e r  than 
in te ra c t in g  w ith  s t ru c tu ra l  elements o f  the c e l l  in  such a way as to  
exe r t a morphogenetic e f fe c t .
The large discrepancy between the number o f  po ly (A )+RNA t ra n s c r ip ts  
appearing during c o n id ia t io n ,  but not s p e c i f ic  to  the con id ia  ( 1, 000) , 
and the number o f  conidiophore morphology mutants was unexpected. What 
are the  p o s s ib le  i d e n t i t i e s  o f  th e  genes from  which  th e se  1,000  
p o ly (A )+RNAs are transcribed?  F i r s t l y ,  many may be concerned w ith  
secondary metabolism, both in  the conid iophore, and in  the underly ing 
mycelium (F ig . 8 .1 ) .  Secondly, some may encode s t ru c tu ra l  p ro te in s , 
changes o f  expression o f  which e i th e r  a) cause morphogenesis, o r b ), 
l i k e  ivoA and IvoB, do not a f fe c t  morphology. T h ird ly ,  genes which 
regu la te  the expression o f  such s t ru c tu ra l  genes -  such as b r lA  and 
abaA. F in a l ly ,  some t ra n s c r ip ts  may not have any fu n c t io n  -  i . e .  be 
pseudo-mRNAs. This p o s s ib i l i t y  is  ra ised by the fa c t  th a t  the d e le t io n  
o f  the SpoC1 gene c lu s te r ,  from which 14 developmentally regulated 
mRNAs are transcr ibed , does not re s u l t  in  any de tectab le  a l t e ra t io n  o f  
phenotype (Aramayo e t a l , 1989).
Given th a t  morphogenesis is  c le a r ly  a complex process i t  is  perhaps 
s u rp r is in g  th a t  no mutants o f  conidiophore morphology-determining 
s t ru c tu ra l  genes have been c le a r ly  id e n t i f ie d .  There are a number o f  
poss ib le  explanations f o r  t h i s .  F i r s t l y ,  th a t  they may not e x is t .  In 
t h i s  case the simple molecular genetic  approach to  morphogenesis is  
in v a l id .  In t h e i r  ana lys is  o f  mutational frequenc ies , M a r t in e l l i  and 
C lu t te rb u c k  (1971) i n i t a l l y  e s t im a te d  t h a t  3 00 -1 ,000  l o c i  were 
concerned w ith  c o n id ia t io n .  However, fu r th e r  examination showed th a t  
85% o f  such mutants were a lso  d e fe c t ive  in vegeta tive  growth. This 
suggests th a t  genetic determ ination o f  morphogenesis invo lves changes 
in  s y n th e s is ,  p rocess ing  and d i s t r i b u t i o n  o f  th e  same s t r u c t u r a l
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components th a t  determine hyphal morphology. This would mean th a t ,  o f  
the 1,000 t r a n s c r ip ts  mentioned, on ly  those from re gu la to ry  genes l i k e  
b rlA  and abaA are important to  morphogenesis.
A second  p o s s ib l e  e x p la n a t i o n  i s  t h a t  th e  d e t e r m in a t i o n  o f  
morphology is  po lygenic. Mutation a t such lo c i  might r e s u l t  in  m ild , 
oligosporogenous phenotypes, o r  no phenotype a t a l l .  However, the 
presence o f  mutations in  several such genes in a s ing le  organism might 
re s u l t  in  major morphological a l te ra t io n s .  One poss ib le  candidate fo r  
such a gene is  medA (medusa, see main In t ro d u c t io n ) .  The medusa 
mutant phenotype is  unusual: ra th e r  than being blocked a t a p a r t ic u la r  
s tage in  co n id io g e n e s is ,  a s l i g h t  d e la y  in  th e  deve lopm en t o f  
ph ia l ides from metulae occurs, as i f  the mutation were leaky, ra the r 
than n u l l .  However, no n u l l  mutations a t medA have ever been found.
In t h i s  chapter the id e n t i f i c a t io n  and c h a ra c te r isa t io n  o f  a group 
o f  gene lo c i  exe r t ing  s im i la r  e f fe c ts  on conidiophore morphology, 
which appear to  i n t e r a c t  w i th  medA, i s  d e s c r ib e d .  Some o f  t h e i r  
p r o p e r t i e s  i n d i c a t e  t h a t  t h e y  may be p o ly g e n e s  d e t e r m in in g  
morphology.
ras
An oncogene i s  a gene th e  m u ta t io n  o f  w h ic h  ca uses  c e l l u l a r  
trans fo rm ation , which may re s u l t  in  the formation o f  a tumour, benign 
o r  malignant, ras Oncogenes were f i r s t  id e n t i f ie d  as the oncogenic 
components o f  Harvey and K irs te n  m urine  ( r a t )  sarcoma v i r u s e s ,
U 1/
designated v-ras and v - ras re sp e c t ive ly  ( E l l i s  e t a l , 1982). The 
proto-oncogene c - ras has been d e te c te d  in  a w ide v a r i e t y  o f  
ve rteb ra te  species, and encodes a 21,000 molecular weight p ro te in  
(p21ras). p21ras is  a plasma membrane bound GTPase which has a ro le  in  
s igna l transduction  pathways used by several growth fa c to rs ,  in c lu d in g  
p la te le t  derived growth fa c to r  (PDGF). Signal transduction  occurs v ia  
the deac t iva t ion  by phosphoryla tion o f  a GTPase-activating p ro te in .  
(GAP) by the t y ro s in e  k inase o f  th e  membrane bound g row th  f a c t o r  
receptor. Normally GAP depresses the a c t i v i t y  o f  p21ras by ca ta ly s in g  
conversion o f the mitogenic p21-GTP to  the in a c t iv e  p21-GDP (M olloy e t 
a l , 1989). Mutated forms o f  ras have been id e n t i f ie d  in  a number o f  
human cancers, which are unable to  convert p21-GTP to  p21-GDP a t a l l ,  
and thus remain f ix e d  in  the m itogenic form.
Two genes c lo s e ly  re la te d  to  r a s , RAS1 and RAS2, have been 
id e n t i f ie d  and iso la ted  from S .ce rev is iae  (DeFeo-Jones e t a l ,  1983),
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and homologies to  th ree  o thers have been id e n t i f ie d .  RAS p ro te ins  
from yeast e x h ib i t  many o f  the  p r o p e r t ie s  o f  t h e i r  v e r t e b r a t e  
counterparts  e.g. GDP-GTP b ind ing  and GTPase a c t i v i t y  and lo ca t io n  in 
the plasma membrane. Furthermore a modified yeast RAS1 gene has been 
shown t o  t r a n s fo r m  N IH -3 T 3 c e l  I s , w h i c h s u b s e q u e n t l y l e d  t o  
metastasis in  nude mice (Bradley e t a l , 1986). In yeast RAS1 and 
RAS2 p ro te in s  have been found to  be p o s i t i v e  e f f e c t o r s  o f  cAMP 
liepend^frt p ro te in  kinase a c t i v i t y .
ras1 ras2 mutants o f  yeast f a i l  t o  g e rm in a te .  S tu d ie s  o f  th e  
changes o f  leve ls  o f  RAS1 and RAS2 mRNA and p ro te in  during  growth 
suggest th a t  these genes are in v o lv e d  in  r e g u la t i n g  c e l l  g row th  
(B re v ia r io  e t a l , 1988). RAS1 ras2 mutants hypersporulate in  r ich  
medium, in d ic a t in g  th a t  the RAS2 p ro te in  may prevent s p o ru la t io n  in  
non-s ta rva t ion  cond it ions .
Since ras genes have been shown to  be in v o lv e d  in  g ro w th  o f  
organisms as unrelated as yeast and man i t  seems q u ite  l i k e l y  th a t  
they have a ro le  in the growth and development o f  A soerg i11 us.
v-mvc was f i r s t  iso la te d  from chicken myelocytomatosis v i ru s  MC29 
(Graf and Beng, 1978). c-mvc encodes a nuclear p ro te in ,  and i t  is  
believed th a t  i t s  expression confers p r o l i f e r a t io n  competence to  
various endodermal and mesodermal c e l l  types, and is  switched o f f  
d u r in g  te rm in a l d i f f e r e n t i a t i o n  (Schmid e t  a l , 1989). c - mvc i s  
homologous to  the d e l i !a h  gene o f  Antirrh inum  ma.ius, which regula tes 
genes invo lved  in  f lo w e r  pigment b io s y n th e s is  (C a thy  M a r t in ,  
pers.comm.)
v - re l  was iso la ted  from an oncogenic re t icu lo e n d o th e io s is  v i ru s  o f  
turkeys ( . ^ h e i l in  e t a l ,  1966). v - re l  is  homologous to  the dorsa l gene 
o f  D.melanogaster which regula tes the  development o f  dorsoventra l 
p o la r i t y  in the developing embryo.
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Results
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8.1.1 Is o la t io n  o f  a medA mutant
In  o rd e r  to  c h a ra c te r is e  the  medusa m u ta t io n  i t  was d e c ide d  t o  
generate a large number o f  new medA mutants and look f o r  v a r ia t io n s  in 
the s treng th  o f  the mutant phenotype. I t  has been observed th a t  on 
fo u r  day o ld  co lon ies  o f  b r lA 42 mutant s t ra in s  grown a t 37°C, large 
numbers o f  spontaneous medA mutants appear as white t u f t s  growing out 
o f  the surface o f  the colony (C lu tte rbuck , pers.comm., F ig . 8 .2 ) .  19 
such outgrowths were picked from a fo u r  day o ld  colony o f  A .n idu lans 
s t r a in  AJC9.4 ( pabaAl : argB2 : b r lA 42 iv o B 6 3 ) u s in g  a s t e r i l e  
d is s e c t io n  needle, and p la te d  on CM p lu s  a r g in in e .  These were 
subcultured three times a t  37°C in  o rder to  p u r i f i y  the medA"  s t r a in ,  
and designated DHG031-DHG049. In  order to  obta in  medA"  s t ra in s  against 
a bMA+ background, and to  check t h a t  th e se  m u tan ts  were indeed 
d e fe c t ive  w ith  respect to  the medA gene, DHG031-DHG049 were crossed 
w ith  A.n idulans s t ra in  G12 ( fpaB37 adF17 pabaAl yA2). The fpaB locus 
is  located 2.7 map u n its  d is t a l  to  the medA locus.
In a l l  cases the medusa phenotype was seen amongst the progeny, and 
a n a ly s is  o f  the frequency  o f  progeny ty p e s  showed c lo s e  l in k a g e  
between the fpaB locus and the new mutant gene, con firm ing  th a t  i t  was 
medA in a l l  cases. Master p la tes  were then inoculated w ith  one o f  each 
o f  the new medA mutants, denoted medA1-medA19. When these had grown, 
re p l ic a  p la tes were incubated a t  30°C and 37°C on CM plus adenine and 
a rg in in e . 18 out o f  19 s t ra in s  appeared id e n t ic a l  to  previous medA"  
s t ra in s  examined, w ith  an acon id ia l phenotype a t 30°C, and a leaky 
b r i s t l e  type phenotype a t  37°C. S tra in  DHG051 (medA11 pabaAl yA2) 
however, had a medA*  phenotype a t  30°C, and a medA"  phenotype a t 37°C.
+• o
Th is  a l l e l e  was des igna ted  medA11 . No o th e r  v a r i a t i o n  between
mutants was detected.
8 .1 .2  Is o la t io n  o f  ultramedusa mutants
I t  was observed th a t  s im i l a r  w h ite  o u tg ro w th  appeared o u t  o f  th e  
surface o f  medA" co lon ies  grown a t 37°C fo r  more than fo u r  days (F ig . 
8 .2 ) .  17 o f these were picked from the surface o f  th ree  A .n idu lans 
s t ra in s ,  DHG054 (medA13 ad£17 pabaAl ) ,  DHG055 (medA14 adF17 yA2) and 
DHG056 (medA17 adF17).These were p u r i f ie d  th ree  times by subcu ltu re  
onto CM a t 37°C.
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Figure 8.3. Morphological mutants o f  A .nidu lans
A l l  grown at 37°C.
a) w i ld  type, b) medusa, c) ultramedusa, d) b r lA 42. 
c, comdium; m, metula; p, ph ia l ide ;  v, ve s ic le .
C
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L ig h t microscopy a t 700x m a g n if ica t ion  showed th a t  in  a l l  cases the  
con id iop h o res  o f  these new m utants  had an ex trem e m o rp h o lo g ic a l  
abnorm ality  (F ig  8 . 3C). In  medusa mutants, instead o f  the normal two 
t i e r s  o f  metulae underly ing  the sporogenous p h ia l id e  c e l l s ,  upward o f  
f i v e  t i e r s  are seen, w ith  m u lt ip le  branching, topped by ph ia l ides and 
con id ia . In these new mutants normal ve s ic le s  formed on which grew 
la rg e ,  ex trem e ly  e longa ted  m etu lae w i t h  no p h ia l  id e s  o r  c o n id ia ,  
although co lon ies take on a greenish hue a f te r  about th ree  days growth 
a t 37°C. Sometimes a t the t i p s  o f  these enlarged metulae, ves ic les  
formed o u t o f  which grew more e n la rg e d  m e tu lae  ( F ig .  8 .3 D ) .  T h is  
mutant phenotype, designated “ ultramedusa' ' . resemblanced the leaky 
b r i s t l e  mutant b r lA 42, grown a t 37°C (F ig . 8.3E). The gene(s) 
mutation o f  which changes the medusa to  the ultramedusa phenotype was 
designated “ sthenyo" ( s th ). In  ancient Greek mythology Sthenyo was 
the name o f  one o f  the s is te rs  o f  the gorgon Medusa (R i le y ,  1851).
8.1.3 Genetic analysis o f the sthenyo mutation
In  o rd e r  to  see whether s th -  mutants have a d e te c ta b le  phenotype 
against a medA+ background, two ultramedusa s t ra in s  were crossed w ith  
a medA+ s t ra in  G0112 (methB3, pyroA4, yA2). These s t ra in s  were DHG072 
(yA2: pyroA4; medA17 s th -1 ) ,  and DHG060 (medA13 adF17 pabaAl s th -2 ) .  
Ascospores were p la ted on CM. I t  was found th a t  in  the case o f  the 
cross w ith  DHG072, 28% o f  progeny were medusa. 17% were ultramedusa, 
and 56% had a w ild - ty p e  conidiophore morphology. In the case o f  the 
cross w ith  DHG060, 13% o f  progeny had a medusa phenotype, 38% an
ultramedusa phenotype, and 50% had a w i l d - t y p e  c o n id io p h o re  
morphology. The ra t io  o f  morphological phenotypes seen (approximately 
25%, 25% and 50%) s tro n g ly  suggested th a t  the medA+ , s th~ progeny have 
a w i ld - typ e  morphology.
In order to  te s t  t h is  hypothesis, two progeny o f  the DHG072 x G0112 
cross w ith  w ild - typ e  morphology, and fo u r  from the DHG060 x G0.112 
cross were back crossed w ith  a medA-  s t r a i n  DHG054 ( medA13 adF17 
pabaAl ). Ultramedusa co lon ies  were seen among the  progeny o f  one o f  
the two s tra in s  derived from DHG076, and two o f  the fo u r  derived from 
DHG060. Thus medA* , s t h -  s t r a i n s  do in d e e d  have a w i l d - t y p e  
morphology. No new n u t r i t io n a l  mutant phenotype was detected in  these 
s t ra in s .  The s t ra in s  w ith  w ild - typ e  appearances id e n t i f ie d  by the back 
crosses described were designated DHG082 ( s th -1 methB3) and DHG080 
(s th -2  methB3 yA2). •
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Table 8.1 H a p lo id isa tio n  mapping o f  the  sth -1  and s th -2  lo c i .
Ana lys is  o f  segregants formed from master s t ra in  G695, and DHG087 
(medA17,s th -1 )  and DHG088 (medA13,s th - 2). Only medA"  segregants, where 
the genotype w ith  respect to  s th  may be known, were scored.
Linkage I  I I  I I I  IV V VI V I I  V I I I
group
yA acrA galA pyroA facA sB nicB riboB
Progeny + + + + + - + + +
STH-1+ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 0
STH-1" 55 0 24 31 30
li
in 
I
CM 30 25 19 36 35 20 35 18 28 22
STH-2+ 12 0 4 8 3 9 6 6 0 12 7 5 0 12 7 5
STH-2" 12 0 7 5 8 4 6 6 12 0 5 7 12 0 6 6
By e l im in a t io n ,  the sth-1 appears to  be on l inkage group I .  The s th -2 
locus is  e i th e r  on linkage group V o r V I I .
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I t  was a lso observed th a t  a l l  th ree  medA+ sth"  s t ra in s  id e n t i f ie d ,  i f  
grown a t 30°C, gave r is e  to  white  outgrowths, presumably spontaneous 
medA"  mutations. These were not seen in  any o f  the s th+ s t ra in s .  Thus, 
i t  is  poss ib le  to  id e n t i f y  s th "  medA*  mutants.
8.1 .4  Gene mapping o f the two sth loci
D ip lo ids  were prepared from a master s t r a in  (MSF), ca rry in g  markers on 
a l l  l i n k a g e  g ro u p s :  G095 ( vA2 suA 1adE20 adE2 0 : a c r A 1;
galA1 :pyroA4 : facA303: sB3:nicB8 : riboB2, McCully and Forbes, 1965),
and two ultramedusa s t ra in s ,  DHG087 (medA17 s th -1 adF17) and DHG088 
( medA13 adF17 ; s t h - 2 ) . These l a t t e r  s t r a i n s  were p rogeny from  th e  
crosses w ith  s t ra in  GO112 described in  section  8 .1 .3 . They were used 
because they are g e n e t ic a l ly  pure, each being derived from a s ing le  
ascospore.
The re su lts  o f  the ana lys is  o f  the products o f  h a p lo id is a t io n  o f 
the two d ip lo id s  are presented in  Table 8.1. In the case o f  the 
h a p lo id  segregants from the  G695 + DHG087 d i p l o i d ,  a l l  o f  th e  
ultramedusa segregants were yA+. This is  hard ly  s u rp r is in g  since the 
medA and yA lo c i  are both on linkage group I .  However, s ince no 
w ild - ty p e  a l le le  o f  the markers id e n t i fy in g  the o ther seven linkage 
groups was found to  segregate e x c lu s iv e ly  w ith  medA17 and s th -1 ,  and 
since no medA"  s th -1 '1' progeny were seen a t a l l ,  i t  was surmised th a t  
the sth-1 locus is  located on linkage group I .
s th -2 appeared to  segregate w ith  the facA+ and nicB+ a l le le s ,  and i t  
was in fe r re d  th a t  the sthB locus was l i k e l y  to  be s itu a te d  e i th e r  on 
linkage group V or V I I .  A fu r th e r  p o s s ib i l i t y  was th a t  a l inkage group 
V -V II t ra n s lo ca t io n  had occurred.
These re su lts  show th a t  sth-1 and s th -2 are not a l l e l i c ;  th e re fo re  
s th -1 was redesignated sthA1, and s th -2 . sthB1.
Sexual crosses were then ca rr ie d  out. sthA1 s t ra in  DHG090 (medA17 
s th A 1 b iA 1 :pyroA4) was crossed w i t h  a number o f  s t r a i n s  c a r r y in g  
m u ta t ions  in  genes on l in k a g e  group I .  These were G197 ( 1ysF88 
suA1adE2Q adE20 pabaAl b iA1) ,  G141 ( proA1, adF9, pabaAl . b iA 1) and G115 
( r iboA l adG14 TuA1 yA2). The re su lts  are summarised in  Table 8.2.
No c le a r  l in ka g e  was seen between sthA  and r ib o A , adG o r  1 uA. 
However, weak linkage is  seen to  yA and proA, and strong linkage to  
1vsF. adF and pabaA. where average re c o m b in a t io n  f r e q u e n c ie s  o f  
8.9%, 3.4% and 2.9% re sp e c t ive ly  were seen. This suggests th a t  the
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Table 8.2 Recombination between the sthA gene and l inkage group I  
markers.
Cross Cross RECOMBINANTS PARENTALS %
parents markers STH+ STH” STH+ STH” Recomb. Chi2 P.
DHG090 X G115 riboA 7 12 3 21 44.2 0.58 >0.05
DHG090 X G115 adG 11 32 3 18 67.2 28.90 <0.001
DHG090 X G115 luA 5 10 1 12 53.6 0.14 >0.05
DHG090 X G115 yA 1 _a 8 _a 11.0 5,44 <0.05
DHG090 X G115 proA 3 1 1 11 25.0 5.05 <0.05
DHG090 X G141 proA 6 5 _b 49 9.3 24.70 <0.001
DHG090 X G197 lvsF 2 15 12 161 8.9 128.08 <0.001
DHG090 X G141 adF _b 2 _b 51 3.8 45.30 <0.001
DHG090 X G141 adF _b 4 _b 128 3.0 116.48 <0.001
DHG090 X G141 pabaA _b 2 _b 52 3.7 46.30 <0.001
DHG090 X G197 pabaA _b 4 _b 186 2.1 174.34 <0.001
aPhenotype w ith  respect to  yA not c le a r .
bmedA+sthA+ and medA” sthA+ not re a d i ly  d is t in g u is h a b le  in  t h is  case.
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Table 8.3 Progeny o f  a fo u r  marker sexual cross in vo lv in g  group I  
markers, and sthA.
adF progeny were ignored since adF”  ac ts  as a p a r t ia l  suppressor o f  
the medA”  phenotype.
A B C 
proA adF pabaA sthA Number scored Cross-over
+ + + + 5 C
+ + + -  47 P
+ + -  + 1 B
+ + -  -  0 BC
'+ + . ■+'  0 AC
-  + + -  3 A
-  + + 1  AB
+ -  -  0 ABC
A,B and C represent the fo l lo w in g  crossover events:
A b c
proA+--------- t-r—— adF+^7 -pabaA+—r-y—sthA”
*| M
)' \  »
_  i \ _  i ' _  i \ ,
proA  ------- ' -1— — adF -t-x-pabaA —U1—sthA
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Table 8.4 Recombination between the sthA gene in  crosses w ith  l inkage 
group V and V I I  markers.
LINKAGE GROUP V 
Cross Cross Recombinants Parenta ls %
parents markers STH+ STH" STH+ STH Recomb. Chi2 P.
DHG085 X G53 nicA 15 8 49 32 22. 1% 32.35 <0.001
DHG085 X G76 riboD 10 14 12 11 51.0% 0.02 >0.05
DHG085 X G53 facA 6 12 9 13 45.0% 0.40 >0.05
DHG085 X G52 IvsB 32 12 15 11 62.9% 4.63 <0.05
DHG085 x G523 cvsA 2 5 15 25 14.9% 23.17 <0.001
Cross
parents
Cross
markers
LINKAGE GROUP V I I  
Recombinants Parenta ls 
STH* STH" STH+ STH"
%
Recomb. Chi2 P.
DHG085 X 
DHG085 x
G712
G712
nicB
malA
24 35 
6 10
19 23 
1 15
58.4% 2.86 
50.0% 0.00
>0.05
>0.05
Linkage is  seen w ith  group V markers nicA and cvsA. No l inkage  is  
seen w ith  the two group V II  markers s tud ied .
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sthA locus is  s i tu a te d  2.9 map u n its  d is ta l  to  the pabaA locus (F ig . 
8 .4 ) .
This was confirmed by examination o f  the  phenotypes o f  progeny o f  a 
four-marker cross between s t ra in s  DHG090, and G141 (Table 8 . 3 ) .  Here 
i t  can be seen t h a t  th e  phenotypes o f  8 /10  re co m b in a n t p rogeny 
correspond to  those p red ic ted  from s in g le  cross-over events between 
the  fo u r  genes arranged in  the  o rd e r  p roA- adF- pabaA- s th A . One 
recombinant corresponding to  a double crossover is  a lso  seen. Most 
o f  the  progeny scored were s t h A " , s in c e  i t  was n o t  easy to  
d is t in g u is h  medA"sthA4, and medA+s tM + . A l l  adF" had to  be ignored as 
i t  was found th a t  adF"  acts as a p a r t ia l  suppressor o f  the medA" 
phenotype.
To map sthB, sexual crosses were c a rr ie d  out between s t r a in  DHG085 
(medA14 b iA1:pyroA4 :sthB1) and a number o f  s t ra in s  ca rry in g  mutations 
on linkage groups V and V I I .  These were G53 (yA1; nicA2 |>A3 facA303 
r iboD S: methB3), G52 ( adG14 yA2: 1ysB5) and G523 ( p ro A 1 pabaAl 
yA2:cysA1), and G712 (yA2; oalD8 nicB8 wetA6 malA1). The re s u l ts  are 
summarised in Table 8.4.
Genetic linkage was detected to  l inkage group V markers nicA (22.1%) 
and cvsA (14.9%), but not to  lysB , which l ie s  4 map u n its  proximal to  
n icA . Thus the sthB locus is  l i k e l y  to  l i e  d is t a l  both to  the cvsA and 
nicA lo c i  (F ig . 8 .4 ) .
8 .1 .5  Pre lim inary  gene mapping o f  a f u r th e r  f i v e  s th  genes.
A fu r th e r  f i v e  ultramedusa is o la te s  were crossed w ith  s t ra in s  ca rry in g  
markers located in the  v i c i n i t y  o f  the sthA and sthB lo c i .  DHG065 
(medA14 yA2 b iA 1 :s th -6 5 )  and DHG066-70 ( a l l  medA13 b iA ; s t h ) were 
crossed w ith  G197, G151, G141, G53, G122 and G175 (see section  8 .1 .4  
fo r  genotypes). The re s u l ts  are d isplayed in  Table 8 .5 , where the 
unmapped s th" a l le le s  are denoted s th -6 5 -s th -70.
, Recombination frequencies show 27% genetic  linkage between nicA 
( l inkage  group V) and s th - 68: t h is  compares w ith  a 23% linkage between 
nicA and sthB1, suggesting th a t  s th -68 i s  a l l e l i c  w ith  sthB1. s th -68 
was the re fo re  p ro v is io n a l ly  redesignated sthB2.
sth-69, l ik e  sthA1, showed strong linkage to  adF. pabaA. and proA. 
in d ic a t in g  th a t  sth-69 is  a l l e l i c  w ith  sthA1. sth-69 was th e re fo re  
redesignated sthA2 . s th -67 and sth-70 both showed a s im i la r  degree 
o f  l inkage to  pabaA: 24% and 19% re s p e c t ive ly .  This suggests th a t
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Table 8.5 Recombination between s th -66 -s th -7 0  and l inkage  groups I  
and V markers.
Cross RECOMBINANTS PARENTALS %
markers s th -65+sth-65~ sth-65+sth -65”  Recombs. Chi2 P.
nicA 0 16 0 21 43% 0.67 >0.05
adE 1 15 0 8 62% 2.13 >0.05
proA 1 14 0 8 65% 1.64 >0.05
s th - 66+s th - 66" s th -66+s th -66”
nicA 19 46 40 12 56% 1.44 >0.05
adF 3 21 0 24 50% 0.00 >0.05
pabaA 11 36 15 23 55% 0.95 >0.05
s th -67+sth-67~ sth-67+s th -67 "
nicA 3 14 4 18 44% 0.13 >0.05
pabaA 2 4 0 13 24% 2.58 >0.05
s th - 68+s th - 68” s th -68+s th -68"
nicA 11 23 8 83 27% 0.46 >0.05
adF 8 13 0 15 57% 1.00 >0.05
pabaA 14 25 21 16 51% 0.05 >0.05
s th -69+sth-69” sth-69+sth-69"
nicA 9 14 7 9 59% 1.26 >0.05
proA 2 0 0 36 5.2% 30.42 <0.001
adF 1 0 0 32 3% 30.03 <0.001
pabaA 1 5 37 32 8% 52.92 <0.001
sth-70** s th -7 0 " sth-70+sth -70 "
nicA 5 4 1 9 47% 0.04 >0.05
pabaA 0 7 0 29 19% 13.44 <0.001
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these may both be a l le le s  o f  a t h i r d  s th  locus, sth-67 and sth-70 were 
p ro v is io n a l ly  designated sthC1 and sthC2. sth-65 and s th -66 behaved 
as unlinked to  a l l  the markers examined. Thus i t  would appear th a t  
mutations o f  genes a t  a t leas t fo u r  lo c i  g ive  r is e  to  sthenyo-type 
enhancement o f  the medusa phenotype. The is o la t io n  o f  two mutants each 
o f  s thA. sthB, and sthC suggests th a t  the re  are a l im i te d  number o f  
s th  l o c i .
8 .1 .6  Complementation s tud ies  o f  sthA and sthB
Heterokaryons were formed between s t r a i n  DHG076 ( medA17 s th A 1 
yA2;methB3 :argB2) and DHG088 CmedA13 adF17:sthB1). A l l  co lon ies had 
ultramedusa morphology: no c o n id ia t io n  was seen. S e le c t io n  f o r  
d i p l o i d s  was c a r r i e d  o u t  , b u t  none w ere se e n , i . e .  th e  
complementation t e s t  f a i l e d .  However, la c k  o f  c o n id i a t i o n  in  
heterokaryons may r e f le c t  l im i ta t io n  o f  STHA and STHB gene products to  
the nucleus.
Given the polygene hypothesis described in  the chapter in t ro d u c t io n  
i t  was o f  i n t e r e s t  to  know the  phenotype o f  s th A 1 : s th B 1 do ub le  
mutants. These might be expected to  have some s o r t  o f  medusa- 1 ike 
phenotype. Five attempts made to  ob ta in  hybrid  c le is to th e c ia  from 
s t r a in s  DHG081 (yA2 adF1 7 ;s th B 1) and DHG082 ( s th A 1 :methB3 ) :  a l l
fa i le d ,  although heterokaryons grew in a l l  cases. In o ther crosses 
in vo lv in g  these s t ra in s  a very low incidence o f  c le is to th e c ia  was 
observed. Thus, i t  would appear th a t  sthA and sthB, l i k e  medA, exe rt 
an e f fe c t  on sexual as w ell as asexual development in Asperg i1lu s .
Outgrowths were a lso seen on the surface o f  fo u r  day o ld  ultramedusa 
c o lo n ie s .  These were s u b c u l tu re d ,  and had an even more extrem e 
phenotype than ultramedusa. The gene mutation o f  which is  responsib le 
f o r  t h i s  extreme ultramedusa phenotype was p ro v is io n a l ly  designated 
"e u rya le " (eu r) . Euryale was the second s is t e r  o f  the gorgon Medusa 
(R ile y ,  1851).
8 .1 .7  Two mutations which each give no de tec tab le  phenotype combine 
to  produce morphological changes
b r lA 42 is  a temperature s e n s it ive  mutation a f fe c t in g  conidiophore 
development. At 30°C (permissive temperature) c o n id ia t io n  occurs 
normally; a t 37°C development is  blocked a f t e r  ve s ic le  form ation and
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Figure 8.5. Abacoid mutant phenotype o f  A .n id u la n s .
Abacoid s t ra in s  are br1A42 sth~, grown a t  30°C. A l l  fou r  p la tes  show 
d i f f e r e n t  views o f  abacoid conidiophores.
a, abnormal "bead on a s t i c k "  ph ia l ide -de r ived  s t ru c tu re ;  c, conidium; 
m, metula; p, p h ia l id e ;  v, ves ic le .
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growth o f  the f i r s t  metulae (F ig . 8 .3D), re s u l t in g  in  an aco n id ia l 
phenotype. A .n idulans s t r a in  AJC9.4 ( pabaAl ; argB2: br1A42 ivoB63) was 
crossed w ith  DHG082 ( sthA1:methB3 ) . Acon id ia l (brlA42) co lon ies  among 
progeny grown a t 37°C were picked, and subcultured a t 30°C. Although 
a pprox im a te ly  h a l f  o f  these developed th e  w i l d - t y p e  c o n id io p h o re  
morphology c h a ra c te r is t ic  o f  the temperature se n s it iv e  b r lA 42 s t r a in  
grown a t 30°C, the re s t  d isplayed a phenotype resembling th a t  o f  the 
acon id ia l abacus CabaA" )  phenotype. In  th i s  case, however, metulae 
were a lso elongated, and although the c h a ra c te r is t ic  "beads on a 
s t ic k "  s tru c tu re s  o f  s e r ia l  p h ia l id e  growth was seen, some con id ia  
were a lso  seen (F ig .  8 .5 ) .  A b n o rm a lly  la rg e  numbers o f  s e l f e d  
c le i s t o t h e c ia  were a lso  seen. T h is  le a k y  abacus pheno type  was 
designated "abacoid.
8.2 Aspergillus development and autoinhibition of growth
Conidiophore growth is  believed to  be p a r t ly  supported by n u t r ie n ts  
released by a u to ly s is  o f  the underly ing mycelium. To what ex te n t,  and 
how th is  s e l f -d e s t ru c t io n  is  programmed g e n e t ic a l ly  is  unknown.
I t  has been observed th a t  A s p e rg i11 us c o lo n y  g row th  on medium 
overlayed w ith  a laye r o f  cellophane s ta r ts  o f f  normally, then d ies 
o f f  when the colony has reached a diameter o f  4-6cm. I f ,  however, a 
second laye r o f  cellophane is  placed over the i n i t i a l  inoculum, the 
colony w i l l  grow to  the edge o f the p la te .  A second e f fe c t  o f  
cove r ing  w ith  ce llophane  is  com ple te  i n h i b i t i o n  o f  c o n id i a t i o n  
( C1u t t e r b u c k , p e r s .  com m .). T h is  s u g g e s ts  t h a t  c o n id io p h o r e  
development may s t im u la te  m yce lia l a u to ly s is ,  o r th a t  the dec is ion  
to  con id ia te  and to  auto lyse are sub jec t to  the same mechanism o f  
c o n tro l.  H yp o th e t ica l ly ,  in  growth on one laye r o f  cellophane, as 
c o n id ia t io n  occurs a u to ly s is  in d u c i  ng agen ts  ( " a u t o l y s i n s " ) a re  
released in to  the underly ing mycelium. Such a u to lys in s , which would 
normally d i f fu s e  in to  the substratum, accumulate a t the cellophane 
b a r r ie r  and i n h ib i t  colony growth. On the o the r hand, the cellophane 
is  s u f f i c i e n t l y  porous to  a l l o w - d i f f u s i o n  o f  n u t r i e n t s  fro m  th e  
medium to  the mycelium.
I f  release o f  such a u to lys in s  is  under the con tro l o f  the brIA  o r 
o ther la te  ac ting  genes, then such a u to in h ib i t io n  o f  growth would not 
be expected o f  brIA mutants.
A number o f  morphological mutants were grown on s o l id  medium on 
one, o r  between two la y e rs  o f  s t e r i l e  c e l lo p h a n e .  C o n id ia  from
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Table 8.6 A u to in h ib i t io n  o f  colony growth o f  va r ious  developmental 
mutants on cellophane.
Number o f  
Developmental layers  o f  
S tra in  mutation cellophane T (°C) A u to in h ib it io n ?
G034 wt 1 30 Yes
G034 wt 2 30 No
AJC7.1 br1A1 1 37 No
AJC7.1 b r lA 1 2 37 No
AJC9.4 brlA42 1 30 Yes
AJC9.4 brlA42 2 30 No
AJC9.4 brlA42 1 37 Yes
AJC9.4 b r lA 42 2 37 No
DHG055 medA14 1 37 Yes
DHG033 medA3 :br1A42 1 37 Yes
DHG087 medA17;sthA1 1 37 Yes
AJC6.1 abaA1 1 37 Unclear
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c o n id ia t in g  s t ra in s  were f i r s t  embedded in  minimal medium, 1mm3 cubes 
o f  which were used as inocu la . This gave w ell defined s in g le  co lon ies . 
The re s u lts  are summarised in  Table 8 . 6 .
The re s u lts  show th a t  whereas in a n u l l  brlA1 mutant, no a u to ly s is  
is  occu rr ing , in  a l l  o the r mutants s tud ied , even b r lA 42 s t ra in s  grown 
a t 37°C, a u to in h ib i t io n  o f  growth does occur on a s in g le  laye r o f  
cellophane. abaA~ mutants may be an exception : a u to in h ib i t io n  was 
seen in  some cases and not o thers. I t  was a lso observed th a t ,  when cut 
w ith  a sca lp e l,  the m yce lia l mat from b r  1A1 co lon ies was much 
tougher than in  a l l  the o thers , w ith  the exception o f  ultramedusa 
co lon ies .
This suggests th a t  a u to ly s is  is  a fu n c t io n  o f  a gene, o r genes, 
e p i s t a t i c  to  b r IA . I t  may be the  p ro d u c ts  o f  such genes t h a t
accumulate and i n h ib i t  growth o f  brIA* s t ra in s  grown on a s in g le  laye r 
o f  cellophane.
8.3 Sequences homologous to  ras and myc in  A s p e rg i l lu s .
Chromosomal DNA o f  A .n idu lans s t ra in  G34, and A .n iger s t ra in  530.55
was digested to  completion w ith  EcoRI and BamHI, separated by gel
e lec tropho res is , and Southern b lo t te d .  A ra d io la b e l le d  0.45-kb EcoRI
HDNA fragment con ta in ing  v -ras  , was used as a h y b r id is a t io n  probe 
under cond it ions  o f low s tr ingency  (adapted from DeFeo-Jones e t  a l , 
1983; see m ate r ia ls  and methods). Stringency cond it ions  used favoured 
h y b r id is a t io n  between DNA sequences w ith  75% homology and above.
Results are shown in  Fig 8 . 6 . H yb r id isa t io n  is  c le a r ly  seen, both to  
A .n id u la n s  and A .n ig e r  DNA. In  th e  lan e  c o r re s p o n d in g  t o  EcoRI 
digested A.n idulans DNA, one s tro n g ly  h y b r id is in g  band (B), and th ree  
less s tro n g ly  h yb r id is in g  bands (A, C, and D) are seen. S im i la r ly ,  in 
both lanes corresponding to  A .n iger DNA, th ree  s tro n g ly  h y b r id is in g  
bands are seen. This suggests th a t  i t  is  poss ib le  th a t  a t le a s t th ree  
genes w ith  homology to  v - rasn are present in  Asperg iHus species.
S im ila r  h yb r id isa t io n s  were ca rr ie d  out using v - re l and v -myc oncogene 
sequences as probes. When f i l t e r s  ca rry in g  re s t r ic te d  genomic DNA o f 
A sp e rg i l lu s  (as described) was probed w ith  a ra d io la b e l le d  1.1—kb PstI  
DNA fragment c o n ta in in g  v - re l  sequences, no h y b r i d i s a t i o n  was 
detected. In the case o f  v -myc, where a 3.4-kb Sstl / Sa ll  DNA fragment 
was used, h y b r id isa t io n  was seen a f te r  a 20-day exposure (F ig  8 .7 . 
The low s tr ingency h y b r id is a t io n  cond it ions  used were id e n t ic a l  to
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Figure 8.6. Southern b lo t  analys is  o f  A .n idu lans and A .n ig e r  DNA using 
a v -ras  probe.
H y b r i d i s a t i o n  was c a r r ie d  out under c o n d i t i o n s  o f  low s t r i n g e n c y  
favour ing h yb r id isa t io n  o f  sequences w i th  75% homology and above. 
Exposure t ime: 28 days.
Lane 1) A.nidulans DNA, EcoRI, 2) A.n idulans DNA, BamHI, 3) A .n iger  
DNA, EcoRI, 4) A .n iger  DNA, BamHI.
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u
those used fo r  v - r a s .  In  t h i s  case, a H in d l l l /E co R I d iges t o f  lambda 
DNA was run a lon gs ide  th e  Asperg i 11 us DNA as DNA fra g m e n t s iz e  
markers. This lane was probed separa te ly  w ith  ra d io la b e l le d  lambda DNA 
under cond it ions  o f  high s tr ingency . The s izes o f  the Asperg i1lus DNA 
fragments h y b r id is in g  w ith  v-mvc were ca lcu la te d , and are d isplayed 
in  Table 8.7. The s treng th  o f  the h y b r id is a t io n  is  much weaker than
u
th a t  w ith  v - r a s .  This and the pa tte rns  o f  bands suggest th a t  there 
may be 2-3 genes present in  A s p e rg i l lu s  w ith  not much more than 75% 
sequence homology w ith  v-mvc.
135
21.80 —
5.24
5.05
4.21
3.41
1.98
1.90
1.71
1.32
2 3 4 5
f  *  It
Figure 8.7. Southern b lo t  ana lys is  o f  A .n idu lans and A .n ig e r  DNA using 
a v -myc probe.
H y b r i d i s a t i o n  was c a r r ie d  out under c o n d i t i o n s  o f  low s t r i n g e n c y  
favouring h y b r id is a t io n  o f  sequences w ith  75% homology and above. 
Exposure t ime: 20 days. Lambda H in d i I I  EcoRI size  markers are given in 
kb.
Lane 1) lambda Hindi11 EcoRI, 2) A.nidulans DNA, EcoRI. 3) A.n idulans 
DNA, BamHI, 4) A .n iger  DNA, EcoRI, 5) A .n iger  DNA, BamHI.
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Table 8.7 Sizes o f  A sp e rg i l lu s  DNA fragments h y b r id is in g  to  v -mvc 
under co n d it io n s  o f  low s tr ingency .
Fragment s izes  were ca lcua lted  from the Southern b lo ts  shown in  F ig . 
8.7.
A .n idu lans 
Enzyme Fragment s izes (kb)
EcoRI
BamHI
16,
14,
11, 7.4, 4
12, 8.6
(kb)
A .n ig e r  Enzyme Fragment :
EcoRI 16, 12, 7.4
BamHI 14, 7.4
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D iscussion and Future Prospects
The sthA1 mutation has been shown to  in te ra c t  w ith  two m utations, 
medA”  and brlA42, which re s u l t  in  abnormal conidiophore morphology. 
The medA~~ m uta tion  appears to  r e ta r d  th e  s w itc h  from  m e tu la  t o  
p h ia l id e  growth. In b r lA 42:sthA1 s t ra in s  grown a t 37°C, when b r lA 42 is  
e p is ta t ic  to  sthA1, the br1A42 mutation re s u l ts  in  normal conid iophore 
v e s ic le  fo rm a t io n ,  and then th e  g ro w th  o f  e lo n g a te d  m e tu la e .  No 
ph ia l ides are seen. Normally b r lA 42 s t ra in s  have a w ild - typ e  phenotype 
a t  30°C. However, a t  30°C b r lA42 and s th A 1 s t r o n g ly  i n t e r a c t ,  t o  
produce abacus-1 ike s tru c tu re s .  These in te ra c t io n s  w ith  medA~ and 
br]A42 suggest th a t  sthA may have a fu n c t io n  in  p h ia l id e  growth.
Polygenes
The term "polygene" was coined by Mather (1943), and defined as one o f  
a group o f  genes w ith  a small e f fe c t  on a p a r t ic u la r  charac ter th a t  
can supplement each o ther to  produce observable q u a n t i ta t iv e  changes. 
P r io r  to  th a t ,  however, the idea o f  polygenes, usua lly  re fe r re d  to  
then as " m u l t ip le  f a c t o r s " ,  was in  use. G regor M endel^/ obse rve d  
polygenes in genetic s tud ies in vo lv in g  f lo w e r  co lours in  beans. White 
and purple flowered s t ra in s  were crossed, and the a l l  had purp le  
f lowers . Mendel/ might have hypothesised th a t  there was one dominant 
a l le le  f o r  purple f low ers , and one recessive a l l e le  fo r  white  ones, in  
which case about 25% o f  the F2 p lan ts  would have white f lo w e rs .  In 
fa c t  out o f  31 F2 p lan ts  on ly one had white  f lowers . The re s t  had 
flow ers  w ith  a range o f  d i f f e r e n t  shades o f  purple.
Most de f inab le , g e n e t ic a l ly  determined t r a i t s  in  complex eukaryotes, 
e s p e c ia l ly  morphological ones, are determined p o ly g e n ica l ly ;  i t  is  
possib le  th a t  most genes are polygenes. Mendel’ s d iscoveries  were, in  
p a r t ,  the re s u l t  o f  a fo r tu n a te  choice o f  genetic t r a i t s  to  study. 
However, since most c la ss ica l  and molecular genetic methods cannot be 
used to  study polygenes -  e .g . they cannot be g e n e t ic a l ly  mapped -  
almost a l l  present research invo lves those genes mutation o f  which, 
perhaps e x c e p t io n a l ly ,  r e s u l t  in  a c l e a r l y  i d e n t i f i a b l e  m u ta n t 
phenotypes.
Most o f  the s tud ies o f  p o lyg e n ica l ly  determined t r a i t s  have invo lved  
se le c t iv e  breeding or fa m i l ia l  inhe r itance  s tud ies . These inc lude  
those o f  the crossvein less (Waddington, 1965) and scute (Rendel and
Sheldon, 1960) phenotypes o f  D.melanogaster: v ib r is s a  number in  mice 
(Dun and Fraser, 1958); p o lyda c ty ly  in  guinea p igs (W right, 1934); and 
sk in  co lou r  in  people (S tern , 1960). Examples o f  o ther known polygenic 
t r a i t s  are fa r  too  many to  enumerate, but inc lude he igh t, eye-co lour, 
h a ir  co lo u r , and p re d isp o s it io n  to  c e r ta in  diseases such as cancer and 
heart disease.
The fo l lo w in g  c h a ra c te r is t ic s  o f  the sthA1 mutation concur w ith  the 
h ypo thes is  th a t  sthA (and by in fe re n c e  th e  o th e r  s th  genes) a re  
members o f  a polygene fa m ily .  1) In  the absence o f  o ther developmental 
mutations sth  mutants have no de tec tab le  phenotype. 2) In te ra c t io n  
w ith  o the r developmental gene mutations re s u lts  in  conversion o f  m ild  
in to  severe oligosporogenous mutants; in  the • case o f  the abacoid 
phenotype, two mutations which normally do not re s u l t  in  abnormal 
conidiophore morphology, sthA1, and br1A42 a t 30°C, in te ra c t  to  cause 
an extreme morphological abnormality . 3) In as much as the l a t t e r  
resemble phenotypes re s u l t in g  from mutations in  o ther a l le le s  (br]A42, 
abaA1) they show p a r t ia l  redundancy w ith  these gene lo c i .  4) There 
would appear to  be q u ite  a lo t  o f  them.
Should i t  be confirmed th a t  s th  genes are developmental polygenes, 
the method o f  id e n t i f y in g  polygenes by look ing  a t secondary mutations 
in  leaky mutant s t ra in s  may f i n a l l y  a llow  proper genetic and molecular 
genetic stud ies o f  polygenes to  be c a r r ie d  out.
Whether or not s th  genes are developmental polygenes can on ly  be 
demonstrated when a) the y  have been c lo n e d  and t h e i r  p a t te r n s  o f  
t ra n s c r ip t io n  cha rac ter ised , and b) s t ra in s  ca rry in g  m u lt ip le  s th ”  
mutations have been constructed and t h e i r  phenotypes examined.
A search fo r  such polygenic in te ra c t io n s  might a llow  ass igna tion  o f  
phenotypes to  genes i d e n t i f i e d  by re v e rs e  g e n e t ic s ,  o th e rw is e  
uncharacterisab le , such as those in the SpoC1 c lu s te r  (Timberlake and 
Barnard, 1981; Aramayo e t  a l ,  1989).
Possibly such p o ly g e n ic i ty  is  a common c h a ra c te r is t ic  o f  s t ru c tu ra l  
genes which determine morphology.
M od if ie rs
Two d e f in i t io n s  o f  "m o d if ie r"  o r "enhancer" mutations are:
1) Secondary mutations w ith  sub tle  m u lt ip le  p le io t ro p ic  e f fe c ts  -  e.g. 
a f fe c t in g  metabolism o r  o ve ra l l  gene expression. These could be e .g .
/
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leaky auxotroph ic , o r  ribosomal gene mutations.
2) S e co nd a ry  m u ta t io n s  w i t h  a s i n g l e  c l e a r  p h e n o ty p e  whose 
a l te ra t io n  o f  a p rev ious ly  e x is t in g  mutant phenotype do not r e f le c t  
any fu n c t io n  in  w i ld - ty p e  development.
With respect to  the f i r s t  d e f in i t i o n ,  sthA1 does not appear to  have 
m i^/ip le  p le io t r o p ic  e f f e c t s :  i t s  e f f e c t  seems to  be l i m i t e d  to  
p h ia l id e  development. With respect to  the second d e f in i t i o n :  i t  is  
impossible to  ru le  out th a t  sthA has no ro le  in  normal development. 
However, i t  is  hard to  imagine e xa c t ly  how a gene, mutation o f  which 
has such a d ra s t ic  e f fe c t  on development, has nothing to  do w ith  
development. To put i t  another way: sthA is  a developmental mutation 
o f  medA”  s t ra in s .
Fungal proto-oncogenes
The presence o f  Aspergi H us DNA sequences w ith  homology to  v - rasH and 
v -mvc suggests th a t  i t  may be poss ib le  to  combine e lu c id a t io n  o f  the 
molecular genetics o f  Asperg i1lus development w ith  cancer research. 
Whether o r  not h y b r id is a t io n  pa tte rns  seen do represent m u lt ip le  
c - ra sAN and c-mvcAN genes could be inve s t iga ted  by using v - ra s H and v -  
mvc as h y b r id is a t io n  probes fo r  the A .n idu lans DNA l ib r a r y  constructed 
in  the  lambda replacement v e c to r  EMBL3 ( G r i f f i t h ,  1990). C loned 
homologous sequences could then be a) sequenced and compared w ith  
known ras and mvc sequences; b) used t o  lo o k  f o r  d e ve lo p m e n ta l 
r e g u la t io n  o f  t r a n s c r ip t s  and c) t o  d i s r u p t  r e s id e n t  c o p ie s  in  
Aspergi 11 us and look f o r  mutant ph en o typ e s . As s ta te d  in  th e  
in t ro d u c t io n ,  yeast RAS genes appear to  have a ro le  in  sp o ru la t io n .
I f  c - rasAN does e x is t  i t  would be in te re s t in g  to  ca rry  out s i t e  
d ire c ted  mutagenesis to  t r y  convert i t  to  the oncogenic a c t iva te d  
form , and see whether t ra n s fo rm a t io n  o f  A sp e rg i 11 us w i t h  such a 
sequence would re s u l t  in  hyphal tumour fo rm ation . I t  is  known th a t  
ac t iva ted  mammalian ras-encoded p ro te ins  o f  have a mutation a t  amino 
acid 12 o f  the ras p ro te in  and th a t  yeast RAS-encoded p ro te in  w ith  the 
same mutation a t amino acid 12 is  oncogenic in  trans fo rm ations  o f  
mammalian c e l ls  (Bradley e t a l , 1986). In  some ways the f l u f f y  ( f l u ) 
mutants o f  A .n idu lans , which produce a e r ia l  hyphae in copious amounts, 
resemble hyphal tumours, a lthough  th e r e  i s  e v id e n ce  t h a t  f 1u f f v  
s t r a in s  are the  r e s u l t  o f  h e r i t a b le  changes in  p a t te r n s  o f  DNA 
methylation  (Tamame e t a l , 1983a; 1983b). Conceivably such hyphal
tumours could be used as models f o r  the ac t ion  o f  an t i-cance r agents.
CHAPTER 9
Concluding remarks
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Discussion
Although the pr imary aim o f  t h i s  p ro je c t  was to  study Aspergi Hus 
development,  e a r l y  on i t  was d ec ided  t o  a t te m p t  t o  e x te n d  th e  
re p e r to i re  o f  recombinant DNA techniques a va i lab le  f o r  A s p e rg iH u s . 
The re s u l t  i s  fo u r  new face ts  o f  Asp e rg i l lu s  gene manipu la t ion: A) the 
use o f  ARp ve c to rs  (Johnstone, 1985a; 1985b) , e .g .  f o r  gene bank 
cons t ruc t ion  and shotgun c lon ing ,  and gene expression s tud ies .  B) The 
use o f  cotransformat ion f o r  plasmid engineering in v ivo  simultaneous 
w i th  t rans format ion ,  e.g . f o r  d e f in in g  the boundaries o f  genes on 
l i n e a r  DNA fragments. C) Gene c l o n i n g  by c o t r a n s f o r m a t i o n  w i t h  
in te g ra t in g  l i b r a r i e s  and he lper  plasmids. And D), gene c lon ing  w i th  
in s ta n t  gene banks: l i n e a r  chromosomal DNA fragments cotransformed 
w i th  he lper  plasmids.
ARps
Although a number o f  groups are using ARp1-based plasmids f o r  gene 
bank cons truc t ion  (Hynes, pers.comm; Kinghorn, pers.comm.) a b e t te r  
understanding o f  the basis o f  the a c t i v i t y  o f  AMA1 is  required before 
i t s  widespread use in gene manipulat ion i s  advisable. This invo lves a 
number o f  ques t ions :  does the  f u n c t i o n  o f  AMA1 r e q u i r e  a second 
a c t i v i t y  besides th a t  o f  an o r i ? I f  so, what i s  i t ,  and what i s  the 
ro le  o f  the resident copy in the Aspergi 1 lus genome? What i s  the 
s ign i f ig an ce  ( i f  any) o f  the inver ted repeat? Is  the p a r t  o f  AMA1 
which e x i s t s  in  m u l t i p l e  cop ies  in  th e  genome th e  same as t h a t  
con fe r r ing  f ree re p l i ca t io n ?  I f  so, what is  the s ig n i f i c a n c e  o f  the 
exis tence o f  m u l t ip le  copies? inver ted repeats, m u l t ip le  copies: i s  
AMA1 (p a r t  o f )  a transposon? An understanding o f  AMA1 may a lso  a l low 
c o n s t r u c t i o n  o f  b i o t e c h n o l o g i c a l ! y  u s e fu l  h ig h e r  copy number 
d e r iva t i ve s .
Besides the shotgun c lon ing  o f  genes, a gene bank in an ARp plasmids 
could be used as the basis o f  a screen f o r  centromeric sequences. I f  
such a gene bank was transformed in to  Asperg i1lus transfo rmants w i th  
centromeric sequences could be i d e n t i f i e d  by screening f o r  increased 
s t a b i l i t y  o f  the transforming phenotype. ARp plasmids could a lso  be 
used in stud ies o f  te lomer ic  sequences, e.g. to  see whether telomeres 
from other organisms such as Tetrahvmena would func t ion  as such in 
Aspergi1l u s : or  to  screen f o r  Asp e rg i l lu s  te lomer ic  sequences.
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Cotransform ation
The knowledge t h a t  c o t r a n s fo r m a t io n  r e f l e c t s  th e  o c c u r re n c e  o f  
recombinat ion between t r a n s fo r m in g  p la s m id s  o f t e n  o b v ia t e s  th e  
necessi ty  to  cons truc t  c e r ta in  types o f  plasmid. This p a r t i c u l a r l y  
a p p l ie s  t o  plasmids which c o n ta in  more than  one DNA i n s e r t  i n  a 
b a c t e r i a l  plasmid v e c to r .  For example, R ober tson  (pers .comm) i s  
planning to  sequence the AMA1 region, and to  study the behaviour o f  
AMA1 subclones to  p re c ise ly  lo ca l i se  the s i t e  con fe r r ing  autonomous 
r e p l i c a t io n .  Normal ly i t  would be necessary to  cons truc t  two sets o f  
subclones -  one f o r  sequencing, and the o ther  in a plasmid w i th  a 
se lec tab le  Asperg i l lus  marker f o r  func t iona l  ana lys is .  However, given 
th a t  plasmid recombinat ion occurs, i t  i s  hoped th a t  l o c a l i s a t i o n  o f  
the AMA1 ac t ive  region w i l l  be possib le  by cotransforming pILJ16 w i th  
the sequencing cons truc ts ,  making cons truc t ion  o f  a second set o f  
constructs unnecessary. S im i la r l y ,  cotransformat ion o f  gel p u r i f i e d  
DNA fragments w i th  ARp plasmids can be used t o  i d e n t i f y  gene 
boundaries w ithout the need to  construc t  subclones.
Other groups are now te s t i n g  the cotransformat ional  c lon ing  (Sealy-  
Lewis, pers.comm.) and in s ta n t  gene bank c lon ing  (B a t t ,  pers.comm) 
methods.
The use o f  a l l  fo u r  o f  these new tools/methods f o r  gene manipulat ion 
in Asperg i l lus  require  f u r t h e r  inve s t ig a t io n  and f i n e  tun ing .  Once 
t h i s  has been achieved i t  i s  hoped th a t  Aspe rg i l lus  may approach the 
degree o f  v e r s a t i l i t y  and convenience f o r  molecular b io lo g ic a l  s tud ies  
as i t  already possesses f o r  c lass ica l  genet ic s tud ies .
What are polygenes?
"Polygene" is  an old term used to  discuss work mostly c a r r ie d  out by 
g e ne t ic is ts  before the existence o f  cu r ren t  molecular models o f  the 
gene. As described in chapter 8, i t  was la rg e ly  used to  describe 
r e s u l t s  o f  s e le c t i v e  breed ing  e x p e r im e n ts .  Among th e  p o s s i b l e  
molecular d e f i n i t i o n s  o f  polygenes are the fo l lo w in g :  A) a group o f  
f u n c t i o n a l l y  i d e n t i c a l ,  o r  f u l l y  redundant genes, e.g. rRNA genes. B) 
A group o f  genes showing p a r t i a l  redundancy, such t h a t  a loss o f  
func t ion  in any one would re s u l t  in a very s l i g h t  phenotypic change.
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How does one d is t in g u is h  between polygenes and enhancers o f  mutant 
phenotype? Take sthA and medA as examples. I t  i s  poss ib le  t h a t  the 
MedA p o l y p e p t i d e  i s  i n v o l v e d  s p e c i f i c a l l y  i n  m o d u l a t i n g  t h e  
d e v e lo p m e n t  o f  p h i a l  i d e s .  T h a t  l o s s  o f  medA f u n c t i o n  d e la y s  
c o n id i a t i o n  suggests th e  p o s s i b i l i t y  t h a t  o t h e r  gene f u n c t i o n s  
even tua l ly  compensate f o r  the lack o f  fu n c t io n a l  MedA po lypept ide. I f  
sthA is  one o f  these genes, sthA and medA are polygenes: they have 
d i s t i n c t  but overlapping func t ions .
I t  i s  possib le  th a t  the sthA1 mutat ion acts as an enhancer o f  the 
medA”  phenotype. This impl ies  th a t  whereas medA i s  involved in  w i l d -  
type development, sthA has no such ro le ;  the apparent ro le  o f  sthA in 
normal development i s  an a r t e fa c t  o f  secondary mutat ional ana lys is .
Yet there i s  a second sense in which sthA could be an enhancer: 
al though sthA may have no ro le  in w i ld - typ e  morphogenesis, i t  might 
have such a ro le  in medA”  s t r a in s .  In o ther  words, i t  i s  poss ib le  th a t  
on ly  in a medA”  s t r a i n  does sthA take over the medA fu n c t io n .  In such 
a s i t u a t i o n  sthA shows induced redundancy o f  func t ion  to  medA in  medA”  
s t ra in s ,  and could be described as f a c u l t a t i v e l y  redundant to  medA. 
Thus, h yp o th e t ic a l ly ,  whereas medA shows f u l l  f a c u l t a t i v e  redundancy 
in sthA”  s t ra in s ,  sthA shows only  p a r t i a l  f a c u l t a t i v e  redundancy in 
medA”  s t ra in s .  Thus medA” sthA+ s t ra in s  have a d i s t i n c t  phenotype, 
whereas medA+sthA~ ones do n o t .  t h i s  sugges ts  a t h i r d  p o s s ib l e  
molecular d e f i n i t i o n  i f  polygenes: a group o f  f a c u l t a t i v e l y  redundant 
genes -  i . e .  where gene func t ion  i s  d i s t i n c t  in the w i ld  type, 
whereas when loss o f  fu n c t io n  o f  one gene occurs, a c t i v i t y  o f  s i s t e r  
polygenes whol ly or  p a r t i a l l y  compensates f o r  the loss.
Confirmation o f  the i d e n t i t y  o f  sthA as a polygene involved in normal 
conidiophore development, o r  even as an induceably redundant polygene, 
would s t rong ly  ind ica te  t h a t  a new approach to  the molecular genet ic  
analys is  o f  morphogenesis may be necessary to  i d e n t i f y  the re levant  
genes: the i s o la t i o n  and ch a rac te r isa t ion  o f  polygenes as secondary 
mutations. Aspergi Hus  conidiophore development i s  p a r t i c u l a r l y  su i ted  
f o r  t h i s  approach due t o  the  a v a i l a b i l i t y  o f  le a k y  b r lA  m u ta n ts  
blocked a t  a l l  stages o f  development from before ve s ic le  fo rmation to  
p h ia l i d e  development ( C l u t t e r b u c k , 1990a). I t  may be p o s s i b l e  t o  
i d e n t i f y  polygenes involved in normal development a t a l l  the d i f f e r e n t  
stages by screening f o r  secondary mutations in the appropr ia te  leaky 
brIA mutant.
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Ending on an op tim istic  note
An important s t a r t i n g  p o in t  o f  molecular genet ics was the one gene, 
one p o lyp e p t id e  h yp o th e s is ,  which p o r te d  t o  th e  f a c t  t h a t  gene 
func t ion  must be understood in terms o f  the b iochemist ry o f  a p ro te in  
p roduc t .  Ear ly  m o le cu la r  g e n e t ic  s t u d i e s  i n v o l v e d  genes where 
phenotype gave a strong in d ic a t io n  o f  the biochemical fu n c t io n  o f  the 
p o lyp e p t id e  p roduc t .  For example in  A . n i d u l a n s  argB-  m u ta n ts  are  
auxotrophic  w ith  respect to  a rg in ine ,  in d ic a t in g  th a t  the polypept ide 
product  o f  argB i s  p robab ly  i n v o lv e d  in  a r g i n i n e  b i o s y n t h e s i s .  
Subsequently i t  was shown th a t  argB-  mutants lack fu nc t iona l  o r n i t h in e  
transcarbamoylase. From t h i s  i t  can be seen th a t  the study o f  mutants, 
e .g .  a rgB , enables unders tand ing  o f  th e  d i s a b l e d  f u n c t i o n ,  e .g .  
a rg in ine  b iosynthesis .
In molecular genet ic s tud ies  o f  morphogenesis, phenotype usua l ly  
gives no in d ica t io n  whatsoever o f  the biochemical func t ion  o f  the gene 
product. This int roduces u n c e r ta in t ie s :  the normal func t ion  o f  a gene 
which resu l ts  in morphological abnormal i t ies  when mutated, may have 
nothing to  do w i th  the determinat ion o f  morphogenesis, or  a t  lea s t ,  
the two may not be causa l ly  re la ted in a s t r a i g h t  forward way, as are 
argB and a rg in ine  pro to trophy. Such a s ta te  o f  a f f a i r s  can lead to  the 
u n fo r tu n a te  "c lone  and groan" s i t u a t i o n ,  where th e  sequence o f  a 
cloned gene and i t s  p u ta t i v e  p o l y p e p t i d e  g iv e  no c l u e  as t o  i t s  
func t ion .  This p o s s i b i l i t y  i s  underscored by the f a c t  t h a t  i t  i s  not 
c le a r  whether c e l l u l a r  morphogenetic events can be charac te r ised  a t  
a l l  in terms o f  a biochemistry s p e c i f i c  to  morphogenesis.
In the absence o f  any knowledge o f  the b iochemistry o f  morphogenesis 
there i s  no guarantee th a t  the study o f  genes mutation o f  which r e s u l t  
in  morpho log ica l  a b n o rm a l i t i e s  w i l l  lead  t o  u n d e rs ta n d in g  o f  t h e  
normal genet ic determinat ion o f  morphogenesis, any more than those 
i d e n t i f i e d  as developmental cDNAs. Molecular genet ics may be o f  l i t t l e  
use w i th o u t  the b io c h e m is t r y  t o  complement i t .
143
References
144
References:
Adams, T .A . ,  Boylan, M.T. and Timberlake. W.T. (1988). brIA Is 
necessary and s u f f i c i e n t  t o  d i r e c t  c o n id i o p h o r e  deve lopment  in  
Asp e rg i l lu s  n idu lans . Cel l  54, 353-362.
Adams, T . A . , D i e s i n g ,  H. and T i m b e r l a k e ,  W.E. ( 1 9 9 0 ) .  b r  1A 
requires both Zinc f in g e rs  to  induce development. Mol. C e l l .  B io l .  
10, 1815-1817.
Adams, T.A. and Timberlake, W.E. (1990). Developmental repression o f  
growth and gene expression in Aspergi Hus n idu lans . Proc. Nat l .  
Acad. Sc i.  87, 5405-5409.
A g u i r r e ,  J . ,  Adams, T.A. and T im b e r la k e ,  T .E .  (1 9 9 0 ) .  S p a t i a l  
c o n t r o l  o f  d e v e lo p m e n ta l  r e g u l a t o r y  genes i n  A s p e r g i 11 us 
n idu lans . Expt. Mycol. 14, 1815-1817.
Aramayo, R . , Adams, T.H. and T im b e r la k e ,  W.E. (1 9 8 9 ) .  A l a r g e  
c lu s t e r  o f  h ig h ly  regulated genes i s  dispensable f o r  growth and 
development in Asperg i l lus  n idu lans . Genet. 122, 65-71.
Armaleo, D . , Ye, G.N., K le in , T.M., Shark, K.B.,  Sanford, J.C. and 
Johnston, S.A. (1990). B i o l i s t i c  n u c le a r  t r a n s f o r m a t i o n  o f  
Saccharomvces c e re v is ia e  and o t h e r  f u n g i .  C u r r .  Genet.  17, 97- 
103.
Atwood, K.C. and P i t tenger ,  T.H. (1955). The e f f i c i e n c y  o f  nuclear  
mixing during heterokaryon fo rmation in  Neurospora crassa. Am. J. 
Botany 42, 496-500.
Aust in ,  B. and Ty le r ,  B.M. (1990). S t ra teg ies  f o r  h ig h - e f f i c i e n c y  
cotransformat ion o f  Neurospora crassa. Exp. Mycol. 14, 9-17.
Axelrod, D.E., Gealt ,  M. and Pastuoshok, M. (1973). Gene con t ro l  
o f  d e v e lo p m e n ta l  competence  i n  A s p e r g i 11 us n i d u l a n s . 
Developmental Biology. 34, 9—15.
B a l l a n c e ,  D . J . ,  B u x to n ,  F .P .  and T u r n e r ,  G. ( 1 9 8 3 ) .  
T rans fo rm a t ion  o f  Aspergi 11 us n i d u l a n s  by th e  o r o t i d i n e - 5 -  
phosphate decarboxylase gene o f  Neurospora  c r a s s a . Biochem. 
Biophys. Res. Comm. 112, 284-289.
Ba l lance ,  D.J. and Turner ,  G. (1 9 8 5 a ) .  Development o f  a h i g h -  
frequency transforming vector  f o r  Aspe rg i l lus  n idu lans . Gene 
36, 321-331.
Bal lance, D.J. and Turner, G. (1985b). Cloning and trans fo rmat ion  
in  Aspergi H u s . In :  Gene Manipulat ions in  Fungi. Eds. Bennett
and Lasure. Academic Press.
Bal lance, D.J. and Turner, G. (1986). Gene clon ing in A sp e rg i l lu s  
n id u la n s : i s o l a t i o n  o f  the  i s o c i t r a t e  l y a s e  gene ( acuD) . Mol.  
Gen. Genet. 202, 271-275.
Beggs, J.D. (1978). T ra n s fo rm a t ion  o f  y e a s t  by a r e p l i c a t i n g  
hybrid  plasmid. Nature (London) 275, 104-109.
145
Begueret, J. (1989). In :  Proceedings o f  the EMBO-Alko workshop on 
m o lecu la r  b io lo g y  o f  f i l a m e n to u s  f u n g i ,  H e l s i n k i  1989. Eds. H. 
Nevala inen and M. P e n t t i l a .  Founda t ion  f o r  B i o t e c h n i c a l  and 
In d u s t r ia l  Fermentation Research 6.
B e r r y , D. R. , Chmi e l , A . ,  A l  O b a id i  , Z . ( 1 9 7 7 ) :  Ci t r i  c a c i d
product ion by A sp e rg i l lu s  n ig e r . In :  Genetics and Physiology o f  
A s p e rg i l lu s . Ed. Smith and Pateman, Academic Press,
Berse, B . ,  Dmochowska, A . ,  Skrzypek,  M.,  W e g le n s k i ,  P . ,  Ba tes ,  
M.A. and Weiss, R.L. (1983). Cloning and ch a rac te r iza t io n  o f  
t h e  o r o t i d i n e  c a r b o m y l t r a n s f e r a s e  gene f ro m  A s p e r g i 1 l u s  
n idu lans . Gene 25, 109-117.
Bianchi,  M.M., Falcone, C . , J ie ,  C.X., Weslowski-Louvel, M., F ro n ta l i ,  
L. and F u k u h a ra ,  H. ( 1 9 8 7 ) .  T r a n s f o r m a t i o n  o f  t h e  y e a s t  
K1uyveromyces  l a c t i s  by new v e c t o r s  d e r i v e d  f r o m  t h e  1.6um 
c i r c u l a r  plasmid pKD1. Curr. Genet. 12, 185-192.
B ia nch i ,  M.M., F r o n t a l i ,  L .L .  and Fukuhara ,  H. (1 9 8 9 ) .  A c t i v e  
recombinat ion  o f  pKD1-derived v e c t o r s  w i t h  r e s i d e n t  pKD1 in  
K1uyveromyces l a c t i s  transformat ion .  Curr. Genet. 15, 253-260.
B irnbo im, H .L . ,  and Doly , J.  (1979) .  A r a p id  a l k a l i n e  e x t r a c t i o n  
procedure f o r  sc reen ing  recombinant p la sm id  DNA. N uc l .  A c id s  
Res. 7, 1513-1523.
Birse, C.E. (1990). Cloning and expression o f  the Asp e rg i l lu s  nidulans 
ivoB gene. Ph.D. th e s is ,  Glasgow U n ive rs i t y .
B i r s e ,  C.E. and C l u t t e r b u c k ,  A . J .  ( 1 9 9 0 ) .  N - a c e t y l - 6 -  
hydroxy t ryp tophan ox idase,  a d e v e lo p m e n ta l l y  c o n t r o l l e d  phenol 
oxidase from Asperg i1lus n idu lans. J. Gen. M ic rob io l .  136, 1725-
1730.
B i r s e ,  C.E. and C l u t t e r b u c k ,  A . J .  ( 1 9 9 1 ) .  I s o l a t i o n  and 
express ion  o f  the  A s p e rg i1lus  n i d u l a n s  ivoB  gene co d in g  f o r  a 
developmental phenol oxidase. Gene ( in  the Press).
B o y la n ,  M . T . ,  H o l l a n d ,  M . J . ,  and T i m b e r 1a k e , W. E. ( 1 986 ) .
S . c e r e v i  s i  ae c e n t r o m e r e  CEN11 does n o t  in d u c e  chromosomal  
i n s t a b i l i t y  when in te g ra te d  i n t o  A s p e r g i 11 us n id u la n s  genome. 
Mol. C e l l .  B io l .  6, 11 3621-3625.
Boylan, M.T.,  M i r a b i t o ,  P.M., W i l l e t ,  C .E . ,  Zimmerman, C.R. and 
Timberlake, W.E. (1987). I s o la t io n  and physical c h a rac te r iza t io n  
o f  three essent ia l  co n id ia t ion  genes from Asperg i1lus n id u lan s . 
Mol. C e l l .  B io l .  7, 3113-3118.
Bradley, O.M., Kraynak, A.R., Sto rer ,  R.D. and Gibbs, J.B. (1986). 
Proc. Nat l .  Acad. Sci .  83, 5277-5281.
B r e v ia r i o ,  D . , Hinnebusch, A .G. ,  and Dhar, R. (1 9 8 8 ) .  M u l t i p l e  
r e g u la to r y  mechanisms c o n t ro l  th e  e x p r e s s io n  o f  th e  RAS1 and 
RAS2 genes o f  Saccharomvces ce re v is ia e . EMBO J. 7, 1805-1813.
Brody, H. and Carbon, J.  (1989). E l e c t r o p h o r e t i c  k a r y o ty p e  o f  
Asperg i l lus  n idu lans . Proc. Nat l .  Acad. Sci.  86, 6260-6263.
146
B u l l , J . H . ,  S m i th , J .D . ,  and T u rn e r ,G .  (1 9 8 8 ) .  T r a n s f o r m a t i o n  o f  
P e n ic i I l ium  chrvsogenum w ith  a dominant se lec tab le  marker. Curr. 
Genet. 13 377-382.
Burke, D.T. and Olson, M.V. (1986) . 0 1 i g o d o x y n u c l e o t i d e - d i r e c t e d  
mutagenesis o f  Escherichia c o l i  and yeast by simple cotransformat ion 
o f  the pr imer and template. DNA 5, 325-332.
Butnick, N.Z.,  Yager, L.N.,  Hermann, T .E . ,  Kurtz,  M.B. and Champe, 
S.P. (1984a). Mutants o f  Aspergi H us  nidulans blocked a t  an 
e a r ly  stage o f  sporu la t ion  secrete an unusual metabo l i te .  J. 
B ac te r io l . .  160, 533-540.
Butnick,  N.Z.,  Yager, L.N.,  Kurtz,  M.B. and Champe, S.P. (1984b). 
Genetic a n a ly s is  o f  mutants o f  A s p e r g i 11 us n id u la n s  b lo cke d  a t  
an e a r ly  stage o f  spo ru la t ion .  J. b a c te r io l .  160, 541-545.
B u x to n ,  F . P . ,  Gwynne, D . I . ,  and D a v ie s ,  R.W. ( 1 9 8 5 ) .  
T r a n s f o r m a t i o n  o f  A s p e r g i 11 us n i  g e r  u s in g  t h e  a rgB gene o f  
Asperg i l lus  n idu lans . Gene 37, 207-214.
B u x to n ,  F . P . ,  and R a d f o r d ,  A. ( 1 9 8 4 ) .  The t r a n s f o r m a t i o n  o f  
m y c e l ia l  sphaerop las ts  o f  Neurospora  c ra ssa  and th e  a t te m p te d  
i s o l a t i o n  o f  an autonomous r e p l i c a t o r .  Mol.  Gen. Genet.  196, 
337-344.
Cantoral ,  J.M.,  Diez, B . , Barredo, J . L . ,  A lvarex, E. and Mar t in ,  
J.F. (1987). Bio/Technology, 5, 494-497.
Case, M.E. ,  Schweizer,  M., Kushner, S.R. and G i l e s ,  N.H. ( 1 9 7 9 ) .  
E f f i c i e n t  transfo rmation o f  Neurospora crassa by u t i l i s i n g  hybr id  
plasmid DNA. Proc. Nat l .  Acad. Sci.  76, 5259-5263.
Casse l ton ,  L.A. and Herce, A. de l a  F. (1 9 8 9 ) .  H e te ro lo g o u s  gene 
expression in the basidiomycete fungus Coprinus c ine reus . Curr. 
Genet. 16, 35-40.
Chang, A .C .Y .  and Cohen, S .Y .  ( 1 9 7 8 ) .  C o n s t r u c t i o n  and 
c h a r a c t e r i s a t i o n  o f  a m p l i f i a b l e  m u l t i c o p y  DNA c l o n i n g  v e h i c l e s  
derived from P15-A c r y p t i c  miniplasmid. J. B a c te r io l .  134, 1141- 
1166.
Chan, C .S .M. and Tye ,  B .K .  ( 1 9 8 0 ) .  Autonomous r e p l i c a t i o n  
sequences in  Saccharomvces c e r e v i s i a e . Proc .  N a t l .  Acad. S c i .  
77, 6329-6333.
Chen, X . J . ,  S a l i o l a ,  M., Falcone, C. , B i a n c h i ,  M.M., W e so lo w sk i -  
Louvel, M., and Fukuhara, H. (1986). Sequence o rgan isa t ion  o f  
t h e  c i r c u l a r  p la s m id  pKD1 f ro m  t h e  y e a s t  K 1 u vve rom vces  
drosophi larum. Nucl. Acids Res. 14, 4471- 4481.
C h r i s t e n s e n ,  T . ,  W o e ld i k e ,  H, B o e l ,  E. , M o r te n s e n ,  S . B . ,  
Hor tShoej ,  K . , Thim, L. and Hansen, M.T. (1 9 88 ) .  High l e v e l  
e x p r e s s i o n  o f  r e c o m b in a n t  genes i n  A s p e r g i 1 l u s  o r v z a e . 
Biotechnology. 6, 1419- 1422.
Clarke, L. and Carbon, J. (1976). A colony bank conta in ing s y n th e t ic  
ColE1 hybrid plasmids represent ing the e n t i r e  E .co l i  genome.
147
Clarke, L. (1990). Centromeres o f  budding and f i s s i o n  yeasts. TIG, 
6 , (5 ) ,  150-154.
C lave r ie -M ar t in ,  F . , Diaz-Torres, M.R. and Geohegen, M.J. (1986). 
Chemical composition and e lec t ron  microscopy o f  the ro d le t  layer  o f  
A sp e rg i l lu s  nidulans con id ia . Current Microbio logy 14, 221-225.
C lu t t e r b u c k ,  A .J .  (1969).  A m u t a t i o n a l  a n a l y s i s  o f  c o n i d i a !  
development in  Aspe rg i l lus  n idu lans . Genetics 63, 317-327.
C lu t t e rb u c k ,  A .J .  (1972). Absence o f  la c c a s e  from y e l l o w - s p o r e d  
mutants o f  A s p e rg i1lus  n i d u l a n s . J .  Gen. M i c r o b i o l .  70, 423-  
435.
C lu t te rbuck ,  A.J.  (1974). Aspergi1lus n idu lans . In : Handbook o f  
Genetics 1. B a c te r ia ,  bac te r io p h ag e s  and f u n g i .  R .C .K in g  ( e d ) .  
Plenium Press, New York, 447-510.
C lu t te rbuck,  A.J. (1977). Genetics o f  co n id ia t io n .  In : Genetics 
and physiology o f  Aspergi H u s . Eds. J.E.Smith and J.A.Pateman. 
Academic Press, London, 305-317.
C lu t t e rb u c k ,  A .J .  (1981). Map o r d e r  o f  ygA and adD. A s p e rg i  11 us 
newsle t te r  (15),  21.
C l u t t e r b u c k ,  A . J .  ( 1 9 9 0 a ) .  The g e n e t i c s  o f  c o n i d i o p h o r e  
p igm en ta t ion  in  A s p e rg i1lus  n i d u l a n s . J .  Gen. M i c r o b i o l .  136, 
1731-1738.
C lu t te rbuck,  A.J. (1990b). Aspergi Hus  n idu lans . In :  Genetic Maps. 
Locus Maps o f  Complex Genomes. 5th edn, pp .3.97-3.108. Ed. S.J. 
O’ Brien. NY: Cold Spring Harbor Laboratory.
C lu t t e r b u c k ,  A .J .  (1990c) .  Gene t ics  o f  asexua l  deve lo p m en t .  I n :  
The Developmental B io logy  o f  F i lam e n to u s  Ascomycetes. Ed. N.D. 
Read and D. Moore. Cambridge: Cambridge U n ive rs i t y  Press ( i n  the 
Press).
C lu t t e rb u c k ,  A .J .  (1991). Plasmid i n t e g r a t i o n ,  e x c i s i o n  and gene 
conversion at the brIA locus o f  A sp e rg i l lu s  n idu lans . Submitted.
C lu t terbuck,  A.J. and Roper, J.A. (1966). A d i r e c t  determinat ion o f  
nu c le a r  d i s t r i b u t i o n  in  h e te roka ryons  o f  A s p e r g i 11 us n i d u l a n s . 
Genet. Res. Camb. 7, 185-194.
C o o le y ,  R .N . ,  F r a n k l i n ,  F .C .H .  and C a te n ,  C.E.  ( 1 9 9 0 ) .  
Cotransformation in the phytopathogenic fungus Septor ia  nodorum. 
Mycol. Res. 94, 145-151.
Cul len,  P., Gray, G.L.,  Wilson, L . J . ,  Hayenga, K .J . ,  Lamsa, M.H., 
Rey, M.W., Nor ton, S. and berka ,R .M .  (1 9 87 a ) .  C o n t r o l l e d  
express ion  and s e c re t io n  o f  b o v in e  chymosin in  A s p e r g i 11 us 
n idu lans . Biotechnology. 5, 369-375.
Cul len, D., Wilson, L . J . ,  Grey, G.L.,  Henner, D.J.,  Turner, G. and 
Bal lance, D.J. (1987b). Sequence and centromere proximal lo ca t io n  
o f  a t r a n s fo rm a t io n  enhancing f r a g m e n t  ans i  f rom A s p e rg i  11 us 
n idu lans . N.A. Res. 15, 9163-9175.
148
DeFeo-Jones, D . , Sco ln ick, E.M., K o l le r ,  R., and Dhar, R. (1983).
r a s - R e l a t e d  gene se q ue n ce s  i d e n t i f i e d  and i s o l a t e d  f ro m  
Saccharomvces ce re v is ia e . Nature 306, 707-709.
Dun, R.B. and F raser ,  A.S. (1958) .  S e l e c t i o n  f o r  an i n v a r i a n t  
ch a ra c te r  -  v i b r i s s a  number -  i n  t h e  house mouse. N a tu re  181, 
1018-
E l l i s ,  R.W., Lowy, D.R. and Sco ln ick , E.H. (1982). Adv. V i r a l  Oncol. 
1, 107-126.
F e i n b e r g ,  A .P .  and V o g e l s t e i n ,  B. ( 1 9 8 3 ) .  A t e c h n i q u e  f o r  
r a d i o l a b e l l i n g  DNA r e s t r i c t i o n  endonuc lease  f ra g m e n ts  t o  h ig h  
s p e c i f i c  a c t i v i t y .  Anal. Biochem. 132, 6-13.
Foley, J .M.,  Gi les, N.H. and Roberts, C.F. (1965). Complementation at 
the adenylosuccinase locus in Aspe rg i l lus  n idu lans . Genetics 52, 
1257-1263.
F o r tu in ,  J .J .H .  (1970).  Another two genes c o n t r o l l i n g  m i t o t i c
i n t r a g e n i c  r e c o m b i n a t i o n  and r e c o v e r y  f ro m  U .V .  damage in
A s p e r g i l l u s  n id u la n s . I I .  Recombina t ion  b e h a v io u r  and X - ra y
s e n s i t i v i t y  o f  uvsD and uvsE mutants. Mutat ion Res. 11, 265- 277.
F o r tu in ,  J .J .H  (1971). Another two genes c o n t r o l l i n g  m i t o t i c
i n t r a g e n i c  r e c o m b i n a t i o n  and r e c o v e r y  f r o m  U .V .  damage i n
A s p e rg i l l u s  n id u la n s . I I I .  P h o t o r e a c t i v a t i o n  o f  U.V. damage in  
uvsD and uvsE mutants. Mutat ions Res. 13, 131-136.
F r is c h a u f ,  A . ,  Lehrach, H.,  Poustka ,  A. and M ur ray ,  N. (1 9 8 3 ) .
Lambda replacement vectors ca r ry ing  p o ly l i n k e r  sequences. J. 
Mol. B io l .  170, 827-842 .
Futcher, A.B. (1986). Copy number a m p l i f i c a t io n  o f  the 2um c i r c l e  
plasmid o f  Saccharomyces c e re v is ia e . J. Theor. B io l .  119, 197—
204.
Gai l l a r d i n , ■C . , R ibe t ,  A.M. and H e s l o t ,  H. (1 9 8 5 ) .  I n t e g r a t i v e  
transformation o f  the yeast Yarrowia l y p o l y t i c a . Curr. Genet. 10,
49-58.
Gems, D.H. and C lu tterbuck, A.J. (1991). sthA and sthB: polygenes
involved in conidiophore morphogenesis in A spe rg i l lus  n id u la n s . 
Exp. Mycol. ( In  the Press).
Gems, D.H., Johnstone, I . L .  and C l u t t e r b u c k ,  A .J .  ( 1 9 9 1 ) .  An 
autonomously r e p l i c a t in g  plasmid transforms Asp e rg i l lu s  n idulans 
at high frequency. Gene ( In  the Press).
Guidice, L.D., Wolf, K . , Sassone-Corsi, P., and Mazza, A. (1979). 
2uM c o v a le n t l y  closed n o n -m i to c h o n d r ia l  c i r c u l a r  DNA in  th e  
pe t i te -nega t ive  yeast Schi zosaccharomyces pombe. Mol.Gen.Genet. 
172 165-169.
Goosen, T . ,  Bloemheuvel, G . , G y s le r ,  C. , de B ie ,  D .A . ,  van den 
B ro e k ,  H .W.J .  and S w a r t ,  K. ( 1 9 8 7 ) .  T r a n s f o r m a t i o n  o f  
Aspergi l l u s  n ig e r  us ing the homologous o r o t i d i n e -5 -p h o s p h a te  
decarboxylase gene. Curr. Genet. 11, 499-503.
149
Goosen, T . ,  Engelburg, F. van, Debets, F . , Swart, K . , Bos, K. and 
van den B ro e k ,  H. ( 1 9 8 9 ) .  T r y p t o p h a n  a u x o t r p h i c  m u ta n t s  in  
A s p e r g i 11 us n i  g e r : i n a c t i v a t i o n  o f  t h e  t  rpC gene by 
cotransformat ion mutagenesis. Mol. Gen. Genet. 219, 282-288.
Graf,  T. and Beng, H. (1978). Avian leukaemia v i ruses :  i n te ra c t io n  
w i th  t h e i r  t a rg e t  c e l l s  in  v ivo  and in  v i t r o .  Biochim. Biophys. Acta 
516, 269-299.
Gusta fsson, P . , Wolf -Watz , H . , L in d ,  L . ,  Johansson, K .E . ,  and 
N o r d s t r o m ,  K. ( 1 9 8 3 ) .  B i n d i n g  between t h e  p a r  r e g i o n  o f  
plasmids R1 and pSC101 and the  o u t e r  membrane f r a c t i o n  o f  th e  
host bac te r ia .  EMBO J. 2, 27-32.
Hahm, Y.T. and B a t t ,  C.A. (1987) :  G e n e t ic  t r a n s f o r m a t i o n  o f  an 
argB"  mutant o f  A s p e r g i l l u s  o r v z a e . Ap p I .  Env. M i c r o b i o l .  54, 
1610-1611.
Hamil, J .D . ,  Prescot t ,  A.,  and Mart in ,  C. (1987). Assessment o f  the 
e f f i c i e n c y  o f  c o t ra n s fo rm a t io n  o f  th e  T-DNA o f  d isa rmed  b i n a r y  
vectors derived from Agrobacterium tumefaciens and the T-DNA o f  A^ 
rhizogenes. P lant .  Mol. B io l .  9, 573-584.
.Hanahan, D. (1983). Studies o f  t ransformat ion  o f  Escher ich ia  c o l i  
w i th  plasmids. J. Mol. B io l .  166, 577-
van Heeswijck, R. (1986) .  Autonomous r e p l i c a t i o n  o f  p la s m id s  in  
Mucor transformants. Carlsberg Res. Commun. 51, 433-443.
H a s t ie ,  A.C. (1970). Ben la te  induced i n s t a b i l i t y  o f  A s p e r g i 11 us 
d ip lo id s .  Nature 226, 771.
H icks, J . B . ,  Hinnen, A . ,  and F in k ,  G.R. (1 9 78 ) .  P r o p e r t i e s  o f  
yeast transformat ion .  Cold Spring Harbor Symp. Quant. B io l .  43, 
1305-1313.
Hinnen, A .J . ,  Hicks, J.B. and Fink,G.R. (1978). Transformation o f  
yeast chimeric ColE1 plasmid ca r ry ing  LEU2. Proc. N a t l .  Acad. 
Sci.  USA. 75, 1929- 1933.
Holmes, D.S.,  and Q u ig ley ,  M. (1 9 81 ) .  A r a p id  b o i l i n g  method f o r  
the preparat ion o f  b a c te r ia l  plasmids. Anal. Biochem. 114, 193—
197.
H o r i i ,  Z. and Clarke, A.J. (1973). Genetic analys is  o f  the recF 
pathway to  genet ic recombinat ion in  E .co l i  K-12: i s o la t i o n  and
charac te r isa t ion  o f  mutants. J. Mol. B io l .  80, 327-344.
Hyman, B.C., Cramer, J.H. and Rownd, R.H. (1983). The m i tochondr ia l  
genome o f  Saccharomvces c e r e v i s i a e  c o n ta in s  numerous, d e n s e ly  
spaced autonomously r e p l i c a t i n g  sequences. Gene 26, 223-230.
Jansen, G.J.O. (1970a). S u rv iv a l  o f  uvsB and uvsC m u t a t i o n s  o f  
A s p e rg i1Tus n idu lans  a f t e r  U.V. i r r a d i a t i o n .  M u ta t i o n  Res. 10, 
21-32.
Jansen, G.J.O. (1970b). Abnormal frequencies o f  spontaneous m i t o t i c  
recombination in uvsB and uvsC mutants o f  Aspe rg i l lus  n id u la n s . 
Mutation Res. 10, 33-41.
150
Jimenez, A. and Davies, J. (1980). E x p re s s io n  o f  a t r a n s p o s a b le  
a n t i b i o t i c  res is tance element in  Saccharomvces. Nature 287, 869- 
871.
J inks, J .L .  (1952). Heterokaryosis:  a system o f  adaptat ion in  w i ld  
fung i .  Proc. R. Soc. B. 140, 83-99.
Johnstone, I . L .  (1985a). Transformation o f  Asperg i11 us n idu lans . 
Ph.D. Thesis. U n ive rs i t y  o f  Glasgow.
Johnstone, I . L .  (1985b). T ra n s fo rm a t io n  o f  A s p e r g i 11 us n i d u l a n s . 
M ic rob io l .  Sc i .  2, 307-
J o h n s t o n e ,  I . L . ,  Hughes, S.C .  and C l u t t e r b u c k ,  A . J .  
(1985). Cloning an Asperg i l lus  nidulans developmental gene by 
t ransfo rmation. E.M.B.O. J. 4, 1307-1311.
K a f e r ,  E. ( 1 9 6 5 ) .  O r i g i n s  o f  t r a n s l o c a t i o n s  i n  A s p e r g i 11 us 
n idu lans . Genet. 52, 217-232.
Katz, K.S. and Ratner, D.J. (1988). Homologous recombinat ion and the 
r e p a i r  o f  d o u b l e - s t r a n d  b re a k s  d u r i n g  c o t r a n s f o r m a t i o n  o f  
Dic tvoste l ium discoideum. Mol. C e l l .  B io l .  8, 2779-2786.
K e l l y ,  J.M. and Hynes, M. (1985). T r a n s f o r m a t i o n  o f  A s p e r g i l l u s
n iger  by the amdS gene o f  Aspe rg i l lus  n idu lans . EMBO J. 4, 475- 
479.
K e l l y ,  R . , M i l l e r ,  S.M. and K u r tz ,  M.B. (1 9 8 8 ) .  One s te p  gene 
d i s r u p t i o n  by c o t ra n s fo rm a t io n  t o  i s o l a t e  doub le  a u x o t ro p h s  in  
Candida a lb icans . Mol. Gen. Genet. 214, 24-31.
Kikuchi,  Y. (1983). Yeast plasmid requires a c i s -a c t in g  locus and
two plasmid p ro te ins  f o r  i t s  s tab le  maintenance. C e l l ,  35, 487- 
493.
K in d le ,  K.L. (1990). H igh - f requency  n u c le a r  t r a n s f o r m a t i o n  o f  
Chiamvdomonas r e i n h a r d t i . Proc. N a t l .  Acad. S c i .  USA 87, 1228— 
1232.
Kim, S.Y.,  and Marz luf,  G.A. (1988). Transformation o f  Neurospora 
crassa w ith  the t rp -1  gene and the e f f e c t  o f  the host s t r a i n  on 
the fa te  o f  t ransforming DNA. Curr. Genet. 13, 65-70.
Kmiec, E. and Hol loman, W.K. (1982) .  Homologous p a i r i n g  o f  DNA 
molecules promoted by a p ro te in  from U s t i la g o . Cel l  29, 367- 374.
Kretschmer, P . J . ,  Chang, C .Y .,  and Cohen, S.N. (1 9 7 5 ) .  I n d i r e c t
. se lec t ion  o f  b a c te r ia l  plasmids lack ing  i d e n t i f i a b le  phenotypic
proper t ies .  J. B a c te r io l .  124, 225.
Kurtz,  M.B. and Champe, S.P. (1979). genet ic con tro l  o f  t ra n s p o r t  
loss during development in Aspe rg i l lus  n idu lans . Dev. B io l .  70, 
82-88.
K u r t z , M . B .  and Champe, S .P .  ( 1 9 8 2 ) .  P u r i f i c a t i o n  and 
cha rac te r iza t ion  the con id ia !  laccase o f  A spe rg i l lus  n id u la n s . 
J. Bact. 151, 1338- 1345.
151
Mayorga, M. and Timberlake, W.E. (1990). Molecular c lon ing  and 
c h a r a c t e r i s a t i o n  o f  the  Asperg i  l l u s  n i d u l  ans . wA l o c u s .  
Genetics, 126, 73-79.
Kurtz, M.B., Corte lyou, M.W., M i l l e r ,  S.M. and K irsch, D.R. (1987). 
Development o f  autonomously r e p l i c a t i n g  p la s m id s  f o r  Candida 
a lb icans . Mol. C e l l .  B io l .  7, 209-217.
Law, D.J. and T im ber lake ,  W.E. (1 9 80 ) .  Deve lopmenta l  r e g u l a t i o n  
o f  laccase leve ls  in Asperg iHus n idu lans . J. Bact. 144, 509- 
517.
L iu , L.F. and Wang, J.C. (1987). Superco i l ing  o f  the DNA template 
du r ing  t r a n s c r i p t i o n .  Proc. N a t l .  Acad. S c i .  U .S .A .  84, 7024- 
7027.
M a n ia t i s ,  T . ,  F r i t s c h ,  E .F . ,  and Sambrook, J .  (1 9 8 2 ) .  M o le c u la r  
C lon ing :  A L abo ra to ry  Manual. Cold S p r in g  Harbour  L a b o ra to r y  
Press, N.Y.
M a rsh a l l ,  M.A. and T imber lake ,  W.E. (1 9 9 0 ) .  wetA r e g u l a t e s  spore 
s p e c i f i c  gene expression in A s p e r g i l lu s . ( In  the Press).
M a r t i n e l l i ,  S.D. (1979). Phenotypes o f  double co n id ia t io n  mutants 
o f  Asperg i l lus  n idu lans . J. Gen. Micro. 114, 277-287.
M a r t i n e l l i ,  S.D. and C lu t t e r b u c k ,  A . J .  (1 9 7 1 ) .  A q u a n t i t a t i v e  
survey o f  c o n id ia t io n  mutants in Asp e rg i l lu s  n idu lans . J. Gen. 
Micro. 69, 261-268.
Mather,  K. (1943).  Po lygen ic  i n h e r i t a n c e  and n a t u r a l  s e l e c t i o n .  
B io l . .  Rev. 18, 32-64.
Maundre l l ,  K . , W r ig h t ,  A .P .H . ,  P ip e r ,  M., and S h a l l ,  S. (1 9 8 5 ) .  
E v a l u a t i o n  o f  h e t e r o l o g o u s  ARS a c t i v i t y  i n  Saccharom vces  
c e re v is ia e  us ing cloned DNA from Schi zosaccharomvces pombe. 
Nucl. Acids Res. 13, 3711-3722.
M c C u l l y , K . S . , a n d  F o rb e s ,  E. (196 5 ) .  The use o f  p -  
f  1 u o rop h e ny  1 a l  an i ne w i t h  " m a s t e r  s t r a i n s "  o f  A s p e r g i  11 us 
n idu lans  f o r  a ss ig n in g  genes t o  l i n k a g e  g roups .  Genet.  Res. 
Cam. 6, 352-359.
McCorkindale, N .J . ,  Hayes, D . , Jo h n s to n ,  G. A . and C l u t t e r b u c k ,  
A.J. (1983). N-acety l-6-hydroxytryptophan -  a natura l  substra te  
f o r  monophenol oxidase from Aspergi1lus n idu lans . Phytochemistry 
22, 1026-1028.
Mel lon, F.M., L i t t l e ,  P.F.R. and C a s s e l to n ,  L .A .  (1 9 8 7 ) .  Gene 
clon ing and t rans format ion  in the basidiomycete fungus Coprinus 
c inereus: i s o la t i o n  and expression o f  the i s o c i t r a t e  lyase gene 
(acu-7) . Mol. Gen. Genet. 210, 352-357.
Meselson, M.S. and Radding, C.M. (1975). A general model f o r  genentic 
recombination. Proc. Nat l .  Acad. Sci .  72, 358-361.
M i l l e r ,  B .L . ,  M i l l e r ,  K.Y. and T im b e r la k e ,  W.E. (1 9 8 5 a ) .  D i r e c t  
and i n d i r e c t  gene replacements in  A s p e r g i l l u s  n i d u l a n s . Mol.  
Ce l l .  B io l .  5, 1714-1721.
M i l l e r ,  J . ,  McLachlan, A.D. and K lu g ,  A. (1 9 85 b ) .  R e p e t i t i v e  
z inc -  binding domains in  the p ro te in  t r a n s c r ip t io n  f a c t o r  I I I A  
from Xenopus oocytes. EMBO J. 41, 1609-1614.
152
Mimms, C .W . ,  R i c h a r d s o n ,  E . A . and T i m b e r l a k e ,  W.E. ( 1 9 8 8 ) .  
U l t r a s t r u c t u r a l  a n a ly s is  o f  c o n id i o p h o r e  deve lopment  in  th e  
fungus Asperg i l lus  n idu lans . Protoplasma. 144, 132-141.
H i r a b i t o ,  P .M . ,  Adams, T .H .  and T i m b e r l a k e ,  W.E. ( 1 9 8 9 ) .  
I n t e r a c t i o n s  o f  th re e  s e q u e n t i a l l y  expressed genes c o n t r o l  
temporal and s p a t i a l  s p e c i f i c i t y  in  A s p e r g i 11 us deve lopm en t .  
C e l l .  57, 859-868.
Mishra, N.C. and Tatum, E.L. (1973). Non-mendelian inher i tance  o f  
DNA-induced i n o s i t o l  independence in  Neurospora. Proc. Nat l .  Acad. 
Sci.  70, 3875-3879.
Mol loy, C .J . ,  Bo ttaro, D.P., Fleming, T.P. ,  Marshal l ,  M.S., Gibbs, 
J . B .  and A a ro n s o n ,  S .A .  ( 1 9 8 9 ) .  PDGF i n d u c t i o n  o f  t y r o s i n e  
phosphorylat ion o f  GTPase a c t i v a t i n g  p ro te in .  Nature 342, 711-713.
Mooney, J .L .  and Yager, L.N. (1990). L ig h t  i s  required f o r  c o n id ia t io n  
in Asperg i l lus  n idu lans . Genes and Dev. 4, 1473-1482.
Mu1 Taney, E .J . ,  Hamer, J . E . ,  R o b e r t i ,  K.A. , Y e l t o n ,  M.M. and 
Timberlake, W.E. (1985). Primary s t ru c tu re  o f  the trpC gene from 
Asperg i l lus  n idu lans . Mol. Gen. Genet. 199, 37-45.
Murray, A.W. and Szostak,  J.W. (1 9 8 3 ) .  Pedegree a n a l y s i s  o f  
plasmid segregat ion in yeast.  Cel l  34, 961-970.
Nel len, W. and F i r t e l ,  R.A. (1985). High-copy-number transformants 
and co-transformants in D ic tyos te l ium . Gene 39, 155-163.
O’ H ara ,  E .B . and T i m b e r l a k e ,  W.E. ( 1 9 8 9 ) .  M o l e c u l a r  
c h a r a c t e r i z a t i o n  o f  t h e  A s p e r g i 11 us n i d u 1ans vA l o c u s .  
Genetics. 121, 249-254.
O l i v e r ,  P.T.P. (1972). C on id iophore  and spore  deve lopment  in  
Asperg i l lus  n idu lans . J. Gen. Micro. 73, 45-54.
Orr-Weaver, T .L .  and Szostak, J.W. (1 9 8 3 ) .  Yeast r e c o m b in a t i o n :  
the a s s o c ia t io n  between double s t r a n d  gap r e p a i r  and c r o s s in g  
over. Proc. Nat l .  Acad. Sci. U.S.A. 80, 4417-4421.
P a s s a n a n t i , C. ,  D a v i e s , B . , F o r d , M. ,  and F r i e d ,  M. ( 1 9 8 7 ) .  
S truc tu re  o f  an inver ted d u p l ica t io n  formed as a f i r s t  step in  a 
gene a m p l i f i c a t i o n  e v e n t :  i m p l i c a t i o n s  f o r  a model o f  gene 
a m p l i f i c a t io n .  EMBO J. 6, (6 ) ,  1697-1703.
Peberdy, J.F. (1979). Fungal p ro top las ts :  i s o la t i o n ,  revers ion and 
fus ion .  Ann. Rev. M ic rob io l .  33, 21-39.
P e r ro t ,  M., Barreau, C. and Beguere t ,  J .  (1 9 8 7 ) .  N o n i n t e g r a t i v e  
t rans fo rm aton  in  the f i la m e n to u s  fungus  Podospora a n s e r i n a  : 
S t a b i l i z a t i o n  o f  a l i n e a r  v e c to r  by th e  chromosomal ends o f  
Tetrahymena thermophi la.  Mol. C e l l .  B io l .  7, 1725- 1730.
P i t t e n g e r ,  T.H. and Atwood, K.C. (1 9 5 5 ) .  S t a b i l i t y  o f  n u c le a r  
proport ions during growth o f  Neurospora heterokaryons. Genetics, 41, 
227-241.
153
Roper, J.A. and Walker, M. (1990). wB1, a new white mutant o f  
A sp e rg i l lu s  nidulans on l inkage group V I I I .  Fungal Genetics 
Newsletter (37),  35.
Pomerantz, B .J . ,  Naujokas, H. and Hasse l l ,  J.A. (1983). Homologous
recombinat ion between t rans fec ted  DNAs. Mol. C e l l .  B io l ,  3, 1683- 
1685.
Pontecorvo, G. ,  Roper, J . A . , Hemmons, Z .M . ,  MacDonald K.D. and
Buf ton ,  A.W.J. (1953) .  The g e n e t i c s  o f  A s p e r g i l l u s  n i d u l a n s . 
Adv. Gen. 5, 141-238.
Raeder, U . , and Broda, P. (1985) . Rapid p r e p a r a t i o n  o f  DNA from 
f i lamentous fu n g i .  Le t ts .  Appl. M ic rob io l .  1, 17-20.
Randa l l ,  T. and Reddy, C.A. (1991 ) .  An improved v e c t o r  f o r  th e
1 i g n i n - d e g r a d i n g  w h i t e  r o t  b a s i d i o m y c e t e  P h a n e ro c h a e te  
chrvsosporium. Gene. ( In  the Press).
Rendel, J.M. and Sheldon, B.L. (1960). Se lec t ion  f o r  cana l isa t ion  o f  
the scu te  phenotype in  D rosoph i la  m e !a n o g a s te r . A u s t r a l .  J o u r .  
B io l .  Sci .  13, 36-47.
Riggs, C.D. and Bates, G.W. (1986) .  S ta b le  t r a n s f o r m a t i o n  o f
tobacco by e le c t ro p o ra t io n :  evidence f o r  plasmid concatenation.
83, 5602-5606.
R i l e y ,  H.T. (1851) . "The metamorphosis  o f  O v i d , "  T r a n s l :  H.T.
R i l e y .  H.G. Bohn. F o o tn o te  p . 155: " S th e n y o  and E u r y a le  t h e  
s i s te r s  o f  Medusa . . .  were fab led to  have wings, and claws, o f  
i ron on t h e i r  hands."
Roncero, M . I .G . ,  Jepsen, L . P . , St roman, P. and van H e e s w i jc k ,  R. 
(1989). Charac ter isa t ion  o f  a leuA gene and an ARS element from 
Mucor c i r c i n e l l o i d e s . Gene 84, 335-343.
Rudolph, H., Koenig-Rauseo, I .  and Hinnen, A. (1985). One step gene 
replacement in  yeast by cotransformat ion. Gene, 36, 87-95.
Roper, J.A. (1958). Nucleo-cytoplasmic in te ra c t io n s  in Asperg i1 lus 
n idu lans . Cold Spring Harbour Symp. Quant. B io l .  23, 141-154.
Russ, W. , M iku lka ,  T . , Hahm, Y.T. and B a t t ,  C.A. (1 9 9 0 ) .  High 
f r e q u e n c y  c o t r a n s f o r m a t i o n  o f  A s p e r g i l l u s  o r v z a e . I n  
preparat ion.
Russel, P. and Nurse, P. (1987). Negative regu la t ion  o f  m i tos is  by 
weefj a 9©ne encoding a p ro te in  kinase homolog. Cel l  49, 559-
567.
Sakaguchi,  J.  and Yamamoto, M. (1 9 8 3 ) .  Cloned uraA1 lo cu s  o f  
Schizosaccharomvces pombe propagates autonomously in t h i s  yeast 
assuming a polymeric form. Proc. Nat l .  Acad. Sci.  79, 7819-7823.
Sakai,  K . , Sakaguchi, J.  and Yamamoto, M. ( 1 9 8 4 ) .  H ig h - f r e q u e n c y  
cotransformat ion by copolymerisat ion o f  plasmids in  the f i s s i o n  
yeast Schi zosaccharomvces pombe. Mol. C e l l .  B io l .  4 (4) 651- 656.
Saxena, R.K. and Sinha,  U. (1973) .  C o n i d i a t i o n  o f  A s p e r g i 11 us 
n idu lans  in  submerged l i q u i d  c u l t u r e .  J .  Gen. and A p p l i e d  
Micro. 19, 141-146.
154
Schmid, P.,  Schulz, W.A. and Hameister, H. (1989). Dynamic expression 
o f  the myc proto-oncogene in  m id-ges ta t ion  mouse embryos. Science 
243, 226-229.
S e w a l l ,  T . C . ,  Mims, C.W. and T i m b e r l a k e ,  W.E. ( 1 9 9 0 a ) .  abaA 
c o n t r o l s  p h ia l i d e  d i f f e r e n t i a t i o n  in  A s p e r g i l l u s  n i d u l a n s . 
Plant  Cel l  2, 731-739.
Sewal l ,  T .C . ,  Mims, C.W. and T im b e r la k e ,  W.E. (1 9 90 b ) .  Conid ium 
d i f f e r e n t i a t i o n  in Aspergi11 us n idu lans w i ld - typ e  and wet-whi te  
(wetA) s t ra in s .  Dev. B io l .  138, 499-508.
S i c i l i a n o ,  P.G. and T a t c h e l l ,  K. (>19 8 4 ) .  * T r a n s c r i  p t i  on and 
r e g u la t i o n  s ig n a ls  a t  the mating t y p e  lo cu s  in  y e a s t .  C e l l  37, 
969- 978.
S i n c la i r ,  J .H . ,  Saunders, S.E.,  Burke, J.F . and Sang, J.H. (1985). 
Regulated express ion o f  a Drosophi 1 a m e !a n og a s te r  hea t  shock 
locus a f t e r  s tab le  in te g ra t io n  in a D.Hydei c e l l  l i n e .  Mol. C e l l .  
B io l .  5, 3208-3213.
Southern, E.M. (1975). D e te c t ion  o f  s p e c i f i c  sequences among 
fragments separated by gel e l e c t r o p h o r e s i s .  J.  Mol.  B i o l .  98, 
503-517.
S t a h l ,  U . ,  T u d z y n s k i ,  P . ,  Kuck ,  U . , and E s s e r ,  K. ( 1 9 8 2 ) .  
R e p l i c a t io n  and express ion  o f  a b a c t e r i a l - m i t o c h o n d r i a l  h y b r i d  
plasmid in  the fungus Podospora anser ina . Proc. Nat l .  Acad. Sc i.  
U.S.A. 79, 3641-3645.
Stern, C. (1960). P r inc ip les  o f  Human Genetics. W.H. Freeman. San 
Francisco. Cha. 18.
St inchcomb, D .T . ,  Shaw, J . E . ,  C a r r ,  S.H. and H i r s c h ,  D. (1 9 8 5 ) .  
Extrachromosomal DNA t r a n s fo r m a t i o n  in  C a e n o r h a b d i t i s  e l e g a n s . 
Mol. C e l l .  B io l .  5 (12) 3484-3496.
Stinchcomb, D .T . ,  S t r u h l ,  K . , and D a v ie s ,  R.W. (1 9 79 ) .  I s o l a t i o n  
and c h a r a c t e r i s a t i o n  o f  a yeast chromosomal r e p l i c a t o r .  N a tu re  
(London) 282, 39-43.
St inchcomb, D .T . ,  Thomas, M . , K e l l y ,  J .  , S e l k e r ,  E. , and D a v is ,  
R.W. ( 1 9 8 0 ) .  E u k a r y o t i c  DNA segm en ts  c a p a b le  o f  au tonom ous  
re p l i c a t i o n  in yeast. Biochemistry 77, (8 ) ,  4559-4563.
Stoh l ,  L .L . ,  and Lambowitz, A.M. (1983). Construct ion o f  a s h u t t l e  
vector  f o r  the f i lamentous fungus Neurospora crassa. Proc. Nat l .  
Acad. Sci.  U.S.A. 80, 1058-1062.
S t o h l ,  L . L . ,  A k i n s ,  R . ,  and L a m b o w i t z ,  A.M. ( 1 9 8 4 ) .  
C h a ra c te r i s a t io n  o f  d e le t i o n  d e r i v a t i v e s  o f  an au tonom ous ly  
r e p l i c a t i n g  Neurospora plasmid. Nucl. Acids. Res. 12, 6169— 6178.
S t ra g ie r ,  P., Bonamy, C . , Karmazyn-Campelli, C. (1988). Processing 
o f  a s p o ru la t i o n  sigma f a c t o r  in  B a c i 11 us s u b t i 1i s : how
morpho log ica l  s t r u c t u r e  could c o n t r o l  gene e x p r e s s io n .  C e l l ,  
52, 697-704.
155
Summers, K .D . ,  and S h e r r a t t ,  D.J. (1985)  M u l t i m e r i s a t i o n  o f  h ig h  
copy number p l a s m i d s  causes  i n s t a b i l i t y :  ColE1 encodes  a 
determinant essent ia l  f o r  plasmid monomerisation and s t a b i l i t y .  
C e l l ,  36, 1097-1103.
Szostak, J.W. and Wu, R. (1979). In s e r t io n  o f  a genet ic  marker in to  
the ribosomal DNA o f  yeast. Plasmid 2, 536-554.
Szostak, J .W.,  Orr-Weaver, T . L . ,  and R o t h s t e i n ,  R .J .  (1 9 8 3 ) .  The 
double strand break re p a i r  model f o r  recombinat ion. Cel l  33, 25-
35.
Tamame, M. ,  A n t e q u e r a , F . , V i l l a n u e v a ,  J . R . ,  and S a n to s ,  T. 
(1983a). High f requency  convers ion  t o  a " f l u f f y "  d e ve lo p m en ta l  
phenotype in  Aspergi H u s  spec ies  by 5 - a z a c y t i d i n e  t r e a t m e n t :  
ev idence f o r  invo lvement o f  a s i n g l e  n u c le a r  gene. Molec. and 
Ce l l .  B io l .  3, 2287-2297.
Tamame, M . ,  A n t e q u e r a ,  F . , V i l l a n u e v a ,  J . R . ,  and S a n to s ,  T. 
( 1 9 8 3 b ) .  5 - a z a c y t i d i n e  i n d u c e s  h e r i t a b l e  b i o c h e m i c a l  and 
developmental changes in  th e  fungus A s p e r g i l l u s  n i g e r . J .  Gen. 
M ic rob io l .  124, 2585-2594.
Thei len, G . , Z iege l ,  R. and Twiehaus, M. (1966). B io log ica l  s tud ies  
w ith  RE v i ru s  ( s t r a in s  T) t h a t  induces re t i c u lo e n d o th e l io s is  in 
tu rkeys,  chickens and Japanese q u a i l s .  J. Nat l .  Cancer In s t .  37, 
731-738.
Thomas, D.Y. and James, A .P .  ( 1 9 8 0 ) .  T r a n s f o r m a t i o n  o f  
Saccharomyces c e r e v is ia e  w i th  p la sm id s  c o n t a i n i n g  f ra g m e n ts  o f  
yeast 2uM DNA and a suppressor tRNA gene. Curr. Genet. 2, 9-16.
T i l b u r n ,  J . ,  Scazzacchio, C.,  T a y l o r ,  G.T. and Zabi c k y - Z i  s s im a , 
J.H. (1984).  T rans fo rm at ion  by i n t e g r a t i o n  in  A sp e rg i  11 us 
n idu lans . Gene 26, 205- 221.
T i m b e r l a k e ,  W.E. ( 1 9 8 0 ) .  D e v e lo p m e n ta l  gene r e g u l a t i o n  i n  
Asperg i1lus n idu lans . Developmental Bio logy.  78, 497-510.
T i m b e r l a k e ,  W.E. ( 1 9 9 0 ) .  M o l e c u l a r  g e n e t i c s  o f  A s p e r g i 11 us 
development. ( In  the Press).
Timberlake, W.E. and Barnard, E.C. (1981). Organizat ion o f  a gene 
c l u s t e r  e x p r e s s e d  s p e c i f i c a l l y  i n  t h e  a s e x u a l  s p o r e s  o f  
Aspergi1lus nidulans. C e l l ,  26, 29-37.
T imber lake ,  W.E., Boylan, M.T.,  C oo ley ,  M .B . ,  M i r a b i t o ,  P .M . ,  
O’ Hara, E.B. and W i l l e t ,  C.E. (1985). Rapid i d e n t i f i c a t i o n  o f  
mutation complementing r e s t r i c t i o n  fragments from Aspergi Hus
nidulans cosmids. Experimental Mycology 9, 351-355.
Timberlake, W.E. and Marshal l ,  M.A. (1988). Genetic regu la t ion  o f  
development in Aspe rg i l lus  n idu lans . T . I .G .  4, 162-169.
Toh-e, A.,  Tada, S.,  and Oshima, Y. (1982). 2-uM DNA-like plasmids 
in  the  osm oph i l i c  hap lo id  yeast  Saccharomyces r o u x i  i . J .
B a c te r io l . 151, 1380-1390.
156
T r i n c i ,  A . P . J .  ( 1 9 8 3 ) .  E f f e c t  o f  J u n lo n  on m o r p h o lo g y  o f  
A spe rg i l lus  n iger  and i t s  use in making t u r b i d i t y  measurements o f  
fungal growth. Transact ions o f  the B r i t i s h  Mycological Socie ty ,  
81, 408-412.
Tsukuda, T . ,  C a r le to n ,  S . , Fo ther ingham, S. and H o l lom an ,  W.K. 
( 1 9 8 8 ) .  I s o l a t i o n  and c h a r a c t e r i s a t i o n  o f  an a u to n o m o u s ly  
r e p l i c a t i n g  sequence from U s t i l a g o  m a v d is . Mol.  C e l l .  B i o l .  8, 
3703-3709.
T u r n e r ,  G . ,  B a l l a n c e ,  D . J . ,  Ward, M. and B e r i ,  R .K .  ( 1 9 8 5 ) .
Development o f  c lon ing vectors  and a marker f o r  gene replacement 
techniques in Aspergi11 us n idu lans . In ;  The Molecular Genetics o f  
Filamentous Fungi, pp.s. 15-28. Alan R. L iss Inc.
U psh a l l ,  A. (1986). Genetic  and m o le c u la r  c h a r a c t e r i z a t i o n  o f  
argB+ transformants o f  A sp e rg i l lu s  n idu lans . Curr. Genet. 10, 
593-599.
Va l inger ,  R., Braus, G . , Niederberger, P.,  Kunzler, M., Parav ian i,
G., Schmidheini ,T. and Hut te r ,  R. (1989). Cloning the LEU2 gene o f  
Saccharomyces  c e r e v i  s i  ae by i n  v i v o  r e c o m b i n a t i o n .  A r c h .  
M ic rob io l .  152, 263-268.
V i e i r a ,  J . ,  and Messing, J. (1982) .  The pUC p la s m id s :  an M13mp7- 
de r ived  system f o r  i n s e r t i o n  mutagenes is  and seque n c ing  w i t h  
syn the t ic  universal primers. Gene 19, 259-268.
Vinson, C.R., S i g l e r ,  P.B. and M cKn igh t ,  S .L .  ( 1 9 8 9 ) .  S c i s s o r s -  
g r i p  model f o r  DNA re c o g n i t i o n  by a f a m i l y  o f  l e u c i n e  z i p p e r  
p ro te ins .  Science, 246, 911-919.
V o l lm er ,  S.J.  and Yanofsky, C. ( 1 9 8 6 ) .  E f f i c i e n t  c l o n i n g  o f  
genes o f  Neurospora crassa. Proc. Nat l .  Acad. Sc i.  USA. 83,
4867-4873.
W a d d in g to n ,  C.H. ( 1 9 6 5 ) .  G e n e t i c  a s s im i  1 a t i o n  o f  an a q u i r e d  
c h a ra c te r i s t i c .  Evolut ion 7, 118-126.
Wang, J . ,  Budde, A .D .  and Leong,  S .A .  ( 1 9 8 9 ) .  A n a l y s i s  o f  
ferr ichrome biosynthesis in the phytopathogenic fungus Us t i lago  
mavdis : c lo n in g  o f  an o r n i t h i n e - N  -oxygenase  gene. J .  B a c te r .  
171, 2811-2818.
Ward, M., Kodama, K.H. and Wilson, L .J .  (1989). Transformation o f  
Aspergi Hus awamori andd A .n iger  by e le c t rop o ra t ion .  Exp. Mycol.
13, 289-293.
Warr, J.R. and Roper, J.A. (1964). Resistance mutants o f  Asperg i1lus 
• n idu lans . Heredity (London) 19, 167.
Wernars, K . , Goosen, T . , Wennekes, L .M.J . ,  V isser,  J . ,  Bos, C .J . ,  
van Gorcom, R .F .M . , van den H o n d e l , C .A .M . J . J .  and Pouwels , 
P.H. (1985) . Gene a m p l i f i c a t i o n  in  A spe rg i  11 us n i d u l a n s  by 
t ra n s fo rm a t io n  w i th  ve c to rs  c o n t a i n i n g  th e  amdS gene. C u r r .  
Genet. 9, 361-368.
157
Wernars, K . , Goosen, T . ,  Wennekes, Sw ar t ,  K. , van den
H o n d e l ,  C . A . M . J . J .  and van den B ro e k ,  H .W .J .  ( 1 9 8 7 ) .  
Co t rans fo rm a t ion  o f  A s p e r g i l l u s  n i d u l a n s : a t o o l  f o r  r e p l a c i n g  
fungal genes. Mol. Gen. Genet. 209, 71-77.
Wright,  S. (1934). The re s u l t s  o f  crosses between inbred s t r a in s  o f  
guinea pigs d i f f e r i n g  in  numbers o f  d i g i t s .  Genetics 19, 537-551.
W ig le r ,  M., Sweet, R. ,  Sim, G.K. ,  Wold, B . ,  P e l l i c e r ,  A . ,  Lacy, 
E . ,  M a n i a t i s ,  T . ,  S i l v e r s t e i n ,  S. and A x e l ,  R. ( 1 9 7 9 ) .  
T rans fo rm a t ion  o f  mammalian c e l l s  w i t h  genes f rom p r o c a r y o t e s  
and eucaryotes.
Wood, B . J . B .  ( 1 9 7 7 ) .  O r i e n t a l  f o o d  uses o f  A s p e r g i 11 u s . I n  
Genetics and Physiology o f  A s p e rg i l l u s . Ed. Smith and Pateman, 
Academic Press,
Yager, L.N.,  Kurtz,  M.B., Champe, S.P. (1982). Temperature-sh i f t  
a n a l y s i s  o f  c o n i d i a l  d e v e lo p m e n t  i n  A s p e r g i l l u s  n i d u l a n s . 
Developmental Biology. 93, 92-103.
Yanisch-Perron, C., V ie i r a ,  J . ,  and Messing, J. (1985). Improved M13 
phage c lon ing vectors  and host s t r a in s :  nuc leot ide sequence o f  the 
M13mp18 and pUC19 vectors. Gene 33, 103-119.
Y e l t o n ,  M .M . ,  T i m b e r l a k e ,  W.E and van den H o n d e l ' C. A .M . J . J . 
(1985). A cosmid f o r  s e le c t i n g  genes by co m p le m e n ta t ion  in  
A s p e r g i 11 us n i d u l a n s  : s e l e c t i o n  o f  t h e  d e v e l o p m e n t a l 1y 
regulated yA locus. Proc. Nat l .  Acad. Sci.  U.S.A. 82, 834- 838.
Zimmermann, C.R.,  O r r ,  W.C., L e c l e r c ,  R . F . ,  Ba rn a rd ,  E.C.  and 
T imber lake ,  W.E. (1980). Developmenta l 1y r e g u la te d  genes f rom  
Aspergi1l u s . Cel l  21, 709-715.
Zucchi, T.M.A.D., Passos J n r . , G.A.S. and de Lucca, F.L. (1989). RNA- 
mediated genet ic t ransformat ion in Asperg i1lus n idu lans . C e l l .  Mol. 
B io l .  35, 573-580.
